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TITLE 

Novel Receptor Thai Causes Cell Death 

TrrHNTCA i FTFT n OF THF TNVFATTQN. 

The present tnventton relates generally to the Held of cytoktr^e receptors, ana r^ore 
specifically to cytokine receptor proteins having imoiunoregulatory activity. 

RArKr.ROr NP INVENTION 

Efficient functioning of the in^unc system requires a fine b.ilance between ceU 
,..era.on an. differentiation an.cell.eath.toe^^^^ 
of reacnng 10 foreign, but not sdf ttntigcns. C=ntr.il tolerance 

„.,ch >=ad to po.„ve and neganve selecnon of T cells ,n the thymus where T lU .e 
pos,t,ve,y or „e,auvely selected depeno.ng on the. capacty^ to mtenct wtth e MHC 
Ltt.e„s expressed tn the th™,us. In ,he pertphery. nratute T celhs whtcn J 
anttgens expressed u„,c,t,ely ,n the penphen^ ^e deleted, as T cells wh.ch ha.e t«en 
activated by foreign anngen. This is known as peripheral tolerance. 

Deletton of tnappropnately activated T cells .s belteved to occur v.a P-^^"™<^ « 
death Rhown as apoptos.s, wh.ch ,s disttnc. front cell death due to necrosts, 
of the TNF tatrttlv. Fas Itgand (I=asL, and TNF, have been reponed to be '"-"^^^ " 
of the effector ntechan.s.ns which con.ol tttthtune toler.ce frev.ewed C-e« 
Ihle. C.H 81:479; 1995,. FasL and TNF nteatate the.r btological effects by btnd,^ the. 
respecnve receptors, wh.ch are rttentbers of the TNTR supetfanrtiy tSm.th et al.. 
-jf.-Q'^q- 1994) 

Fas (the receptor tor FasL, and TNF receptor type 1 iTNFR., toth cont.n a un„ue 
motif w.,hi„ ,he,r eytoplasnttc reg.ons. wh.ch has been temred the ^-"^^ 
e, al Cell 74:845. 1993: l.oh and Nagata, ,/. B.oL «™. 268:10932. 1993)^ 
Overexpression of the death doma.n tn transient transfect.on systems has been shown to 
°e Ipoptosts The b.ologteal effects of Fas/FasL and TKH'^rNFR, .htera„ 
thought ,0 occur through both dtsttnct and s.nrtlar s.gnal.ng P-hways tSchuU. -Os.hoff e, 
al EMBOJ 13:4587, 1994: WongattdGoeddel.J, 15-:n51, 1994). 
, The Ipr and ,U, mouse models have tmpltcated the Fas/FasL systen, tn penpher^ 

tolerance: however, penpheral T eeil deletion does occur tn ,r ™ce, Th.s Fa.inoepende t 
apoptosis of mature T cells has been snown to be panly TNF mediated (Zheng t 
I „ 377:348. 1995, Tnese data imply that multiple apoptotic mechanisms, mcluc^n 
u„recognt.ed ones, may be involved in penpheral tolerance. Moreover, the mech« 
5 mediat ng ce„.a, tolerance remtun unknown. Investigauon into the existence and identity 
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of other molecule(s) ±at play a role u. apopcos.s .s desirable, idennfy.ng such molecule, 
would provide an adduional means of regulaung apoptosis, as ^vell as providing funher 
insight into the development of self-tolerance by the inmtune system and the euology of 
autoimmune diseases. 

5 

NUMMARY r^r THF TNVFNTION 

The present invenuon identifies a novel receptor, referred to as Apoptosis Inducing 
Receptor (AIR. that induces apoptosis of certain ceils on which it is expressed. The 
receptor is a Type 1 transmembrane protein having 417 ammo acid residues. Soluble forms 

10 of the receptor can be prepctred and used to regulate ceU death in a therapeutic setung; 
accordingly, pharmaceutical composiuons comprising soluble forms of the novel receptor 
are also provided. Soluble forms of the receptor will also be useful in vitro to block 
apoptosis of AIR-expressmg cells, or to screen for agonists or antagonists of AIR activity. 
The cytoplasn.c domain of AIR will be useful in developing assays for inhibitors of AIR- 

15 induced cell death. Sue,, inhibitors will have use in regulating cell death in a therapeutic 
setting as well as in vitro. Deleted forms and fusion proteins comprising the novel receptor 
are also disclosed. Agonists of AIR acuvity can be used to kill tumor cells that express 
AIR, or kill T cells expressing AIR in autoimmune diseases. These and other aspects of the 
presentinvenaon will become evident upon reference to the following detailed description 

20 of the invention. 

njiiv y PFSCRTPTTON OF THF nRAWTNCS 

Figure 1 presents an alignment of AIR and TNFRl death domain sequences. The 
83 amino acid sequence of the TNFRI death domain is compared to the homologous 
25 sequence from the AIR cytoplasmic region. Identical and conserved amino acids ( + ) are 
shown in the middle line. 

niTTA ii Fn nFSrRIP T^^^^' THF INVFNTION 

A new TNF receptor-like sequence was identified in the EST database. 

30 Oligonucleotide pnmers were synthesized based on the EST sequence, and a full-length 
cDNA was cloned from a penpheral blood T cell library . The encoded protein was 
designated AIR, for Apoptosis Inducing Receptor. The receptor is a Type I transmembrane 
protein havinn 417 amino acid residues, with a predicted 24 ammo acid signal sequence^a 
173 ammo aod extracellular domain, a 27 amino acid transmembrane domain, and a 193 

35 amino acid cytoplasmic tail. The cytoplasmic region of AIR displayed significant arnino 
acid homology (48% identity, 64% similanty, to the 83 ammo acid -quence whic 
encodes the Type I TNF receptor death domain. This region, conserved between TNFRl 
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and Fas, is necessary and sufHoent for rransducuon of an apoptot.c signal lo a ceU 

expressing AIR. /pct^a 
A search of the NCBl dimtonk Idenlified five expressed sequence tags (Eb I s) 

.k. MP nNJA These ESTs (NCBl accession numbers 
havinB regions of idemiiy wiih AIR DNA ineseiLOist 

H4n"^-' H46374 H46211, H46662, and H46424, ta-e all human cDNA fragments. The 
NCBlTecords do'not disclose any polypepade encoded by the ESTs, and do no, indtcate 
„ha, the read,n« frame, ii' any, n„gh, be. However, even .1 the knowledge of the readtng 
frame revealed herem by d.sciosure of complete .AIR ecdrng reg.ons ,s used to express the 
ESTs none of the encoded polypeptides would have the biologteal propetrtes of the 
presenUv-elarmed AIR polypept.des. In odrer words, tf each of the f.ve ESTs were .nsened 
,„,o express-on vectors downstream from an tn.tiator methiontne codon, ,n the readtng 
franre elucidated here.n, none of the resulttng expressed polypepudes would contatn 
sufficient portion of the AIR protein to induce apoptosis, 

A po piosis «nd the TK-T^^rKTt; <;nperfamiUes 

Efficient funetionine of the immune system requires a fine balance between cell 
proliferation and differentiation and ceil death. Centra. lolerance refers to -he mechanisms 
which iead ,0 positive and negative selection of T cells in the thymus. I. ts ^^-^^^^ J 
cells are positively or negauvely selected depending on the.r capacity to interac, with 
, MHC antigens expressed ,n the thymus: autoreactive T cells are e.miinated, while those that 
recognize non-self antigens are selected for survival and differentiation. In the penphery^ 
mature T cells which inicraa with self antigens expressed u„,c,uely in the penphery are 
deleted, as are T eells which have been acovated by foreign antigen. These mechanisms 

; that acuvated lymphocytes are removed after they have fulfilled thetr role 

Two members of the TNFR superfamily. Fas and TNTRI, arc believed lo play an 
impo.tant role in some of the effector mechanisms which control penpheral tolerance. Fas 
has been reported to medtate apoptosis and is l^iieved to p.ay a role in dona, deleuon 
self-reacuve T-cells tltoh et al , C.U 66:233. 1991: Watanabe-FuHunage et ah. Na,ure 
0 356-314 1992). DNAs encoding Fas ligand have been isolated: binding of the Fas ligand 
,0 cells expressing Fas antigen has been demons.ated ,o n.ouce apoptosis (Suda et aU 
CeU 75 1169 1993: Takahash, et al., /me^no™"™"''^"^ l^*-'' The /pr 

and mouse models have implicated the Fas/FasL system in the processes which lead ,o 
elilation of T cells afier they have been acuvated by self or foreign antigen n ^e 
,5 penpherv. However, some penpheral T cell deletion sti.. occurs iiWpr mice. This Fas- 
ndependent apoptosts of mature T cells has been shown to be panly mediated. 

Elimination of these T cells occurs oy apoptosis, a mo^hologically defined ty^e 
cell death that can be dif.erennated from necrosis Fas and TNFRl both eoniain a death 
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domain, a umquc mouf present wuhm their cytoplasmic regions (TanagUa a .1 Cell 
74-845 1993; Itch and Nagata, ./. Bu.l. Ckem. 268:10932, 1993). Th.s domain shows 
some si'milantv with a Drosophila protein referred to as reaper which is ^-^-^^-^ ['^^^^^^ 
If not all programmed cell deatn in this species (White et al.. Science 264:67., 1994). 
Overexpression of the death domain in transient transfection systems has been shown to 
result in apopiosis. 

The biological effects of Fas/FasL and TN^NFRl interactions are thought to 
occur through bot^ disanct and similar signaling pathways (Schultze-Osthoff et al., EMBO 
J 13-4587 1994; Wone and Goeddel, J Immunol. 152:1751, 1994). Both receptors 
couple hizand binding to tyrosine phosphorylation, and both acnvate sphingomyelmases. 
Cvsteine;roteinases have also been implicated m both FasL- and TNF-induced cell death; 
cm^. a product of the cowpox virus that inhibits cysteine proteases, inhibits both FasL- 
and TNT-induced apoptosis. Both FasL and TNF induce cell death within a tew hours of 
bindin. their respective receptors, mdicaung that both signal pathways modtilate latent 
cytoplasmic effector molecules; however, death induced by TNF tends to be slower than 
that induced by FasL. 

The bodv of data currently available regarding apoptosis imply that multiple 
apoptotic mechadsms. including those mediated by Fas and TNFRl as well as additional, 
unrecognized ligana/receptor interactions, may b: involved in penpheral tolerance within 
, the immune svstem. In addition, the mechanism or mechanisms mediating central tolerance 
remain unknown. FasL and TNF are unlikely to be involved in the latter, since positive 
and negauve selection in ,ne thymus appear nom.al in Ipr and TNFR ^^-^^"^^ 
novel receptor described herein shares certain similarities with both Fas and TNFRL and 
could be imponant in regulating cell death dunng the development of self-tolerance (either 
5 in the periphery or the thymus). 

DKAs. Prot eins nnd .Analogs . 

The present invention provides isolated AIR polypeptides and analogs (or muteins) 
thereof havin. an AIR acuvity (i.e.. causing apoptosis of cells expressing an AIR ri.utein or 

0 analog comprising the death domain when triggered appropnately; or for soluble orms 
binding to AIR-spec.fic antiboides or inhibition of apoptosis induced by signalling through 
AIR) Such proteins are substantially free of contaminating endogenous matenals and, 
opuonallv, without associated native-pattern glycosylat.on. Derivatives of AIR within the 
scope of "the invention al.so include various structural fom.s of the pnmary protein which 

,5 retain biological activity. Due to the presence of lonizabie amino and carboxyl groups, for 
example, an AIR protein may be m the fom. oi acidic or basic salts, or may be in neural 
fonn. individual ammo acid residties may also be modified by oxidation or reducuon. The 
pnmars^ ammo acid structure may oe modified by tombing covalent or aggregative 
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conjugates wuh other chemtc.l n.oettes. such as glycosyl groups, l.p:ds, phosphate, acetyl 
^oups ar.d the Uke. or by creating an.no actd sequence nmtants. Covalent denvauves are 
prepared by Unkang parttcular funct.onal groups to am.no actd stde chatns or at the N- or C- 

termini. , . , 

Denvauves of AIR mav also obtained by cToss-Unktng agents, such as M- 
malettntdobcnzovi succintn.de ester and N-hydrox>.succtntmtde, at cysteine and lysine 
residues The mvenuve proteins m:iy also be covalenUy bound through reacnve side 
groups to various insoluble substrates, such as cyanogen bror^de-activated, bisoxirane- 
activated, carbonyldiin.dazole-activated or tosyl-acuvated agarose structures, or by 
adsorbing to polyolefin surfaces .with or without glutaraldehyde cross-linkmg). Once 
bound to a substrate, proteins may be used to selectively bind (for purposes of assay 
punfication) anubodies r:used against the AIR or against other proteins which are similar to 
the AIR as well as other proteins that bind AIR or us homologous proteins. 

Soluble forms of AIR are also within tne scope of the invention. The nucleonde 
and predicted amino ac.d sequence of the AIR is shown >n SEQ ID NOs.l and 
Computer analvsis indicated that the protein has an N-teiminal signal peptide wuh a 
cleava.e sue be'tween amino acid 24 and 25. Those slalled in the art will recognize that ^e 
actual deavage sue may be different than that predicted by computer analysis. Thus, the N- 
tctminal amino acid of the cleaved peptide is expected to be within about five an.no acid 
on either side of the predicted cleavage sue. The signal peptide is predicted to be roUowed 
by a 173 amino acid extracellular domain, a 27 an.no acid transmembrane domain, and 
193 amino acid cvtoplasmic tail. 

Soluble AIR comprises the signal peptide and the extracellular domain (residues 1 ^ 
197 of SEQ ID NO: 1 ) or a fragment thereof. Altematively, a different signal peptide can be 
substituted for residues 1 through 24 of SEQ ID NO:l. Moreover, fragments of the 
extracellular domain will also provide soluble fom.s of AIR. Fragments can be prepared 
using known techniques to isolate a desired portion of the extracellular region, and can be 
prepared, for example, by comparing the extracellular region with those of other members 
of the TNFR familv and selecting fom.s sn^iar to those prepared for other family 
members. Altematwely, unique restricnon sues or PGR techniques that arc known in the 
an can be used to prepare numerous truncated forms which can be expressed and anal>zed 

for activitv. ■ i ^ 

Omcr d=nvut,ves of .he AIR pro.e.n wahu, .he scope of .h.s .nvenuon include 
covalen, or ag^egauve uonjugacc. of fhe prote.n or us fragnien-.s .vuh other pro.e.ns or 
poKT-epudes, s.=h as by syn.hes.s ,n recorrrb.nan. culrure as N.enrr.nal or C-remrrnal 
fusions. For exanrple, ,he conjugated pepode may be a s.gna, u,r leader, polypepnde 
sequence a. .he N-.ennmal reg.on of .he pro.em ..h.ch co-.ranslaBonally or pes.- 
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transiauonaily directs transfer of the pro.e.n from us sue of synrhes.s to us stte of function 
mside or outside of the cell membrane or wall le.g.. the yeast a-factor leader). 

Protein fusions comprise peptides added to facilitaie purification or 

identificanon of AIR pro.euis and homologs ^e.g.. poly-His). The ammo acid sequence of 
the inventive proteins can also be linked to an ident.f.cauon peptide such as that descriDcd 
bv Hopp et al.. BioiTecknoio.y 6:1204 (1988). Such a highly aitngemc peptide provides 
a. epitope revers.bly bou.id by a specific monoclonal antiboay, enabling rapid assay and 
facUe purification of expressed recombinant protein The sequence of Hopp et al. is also 
specifically cleaved bv •oovme mucosal emerokinase, allowing removal of the pepudc from 
the puntied protein. Fusion proteins capped wuh such peptides may also be resistant to 
intracellular deuradation in £■. lo//. 

Fusion protems further comprise the annno acid sequence of an AIR linked to an 
.mmunoelobunnFc region. An exemplary Fc region is a human IgG, having a nucleotide 
and amin; acid sequence ,et forth in SEQ ID NO:4 Fragments of an Fc region may also 
be used, as can Fc muteins. For example, certain residues within the hinge region ot ati, Fc 
renion are cntica! for high affinity binding to FcyRl Canf.eld and Mornson U. Exp. Meu. 
17Vl483- 1991) reported that Leu(234, and Leua35;were critical to high affinity binding of 
I.G3 to FcyRl present on U937 cells. S.mihu- results were obtained by Lund et al. (J. 
Immunol 147:2.57, 1991; MoleaUar Immunol. 29:53. 1991). Such mutations, alone or 
, .n combinauon, can be made in an IgG, Fc region to decrease the affinity ot IgG, for FcR. 
Depending on the portion of the Fc region used, a fusion protein may be expressed as a 
dimer, tnrough formation of interchain disulfide bonds. If the fusion proteins are made 
with both heavy and light ch-ains of an antibody, n is possible to torn, a protein oligomer 
with as manv as four AIR regions. 
3 In another embodiment, AIR protein funher comprises an oligomenzing zipper 

domain. Zipper domain:, are described m USSN ()8/U.7,353, filed August 13, 19 3, tne 
relevant disclosure of winch is incoiporated by reference herein. Examples of leucine 
zipper domains are those found in the yeast transcription factor GCN4 and a heat- stable 
DNA-binding protein found in rat liver (C/EBP; Landschulz et al.. Science _4i.lb«i, 
0 1989), the nuclear transforming proteins, fos and jun. which P-f--"^l>^ ; 
heterodimer (O'Shea et al., Science 245:646, 1989: Turner and Tjian. Science .3:1 68J, 
1989) and the eene product of the murine proto-oncogene, c-myc (Landschulz et al.. 
Science ^40-1754 1988, The fusogenic proteins of .several different viruses, including 
p-aramvxovirus, coronavirus, measles virus and many retroviruses, also Po-ess leucine 
,5 zipper'domains .'BucRland and Wild, ^an.e 338:547. 19H9; Bntton. ^^^^^J^'^' 
1991- Delwart and Mo.alus, AIDS Research aiui Hainan Retroviruses 6:70., 1990). 
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■A ■ M.-,v h<^ Mihstuuied for inciividuaJ leucine residues in dimer- 
Conservauve amino acid^ may be suDstuuitu loi 

forming .ipper domains, with minimal decrease in the ability lo dimenze, 

Also included wnliin the scope of die invenuon are fragments or denvauves of the 
inrraccUalar domain of AIR. Such fragments are prepared by any of the herein-mentioned 
techniques, and include peptides that are idenucai to the cytoplasmic domain of AIR as 
shown in SEQ ID N0:1, arid those that comprise a ponion of the cytoplasmic region, for 
example, the death domain. All techniques used in prepanng soluble forms may also 
used m prepanng fragments or analogs of the cytoplasmic domain (i.e., RT-PCR 
techniques or use of selected resmction enzymes to prepare truncations). 

The present invenuon also includes AIR with or without associated native-pattern 
glycosvlation. Proteins expressed in yeast or mammalian expression systems, e.g., COS-7 
cells mav be similar or slx.htlv different >n molecular weight and glycosvlation pattern than 
the native molecules, depending upon the expression sy.stem. Expression of DNAs 
encodine the inventive protems in bacteria such as E coU provides non-glycosylated 
i moleculis. Funcuonal mutant analogs of .MR protein having inactivated N-glycosylanon 
sues can be produced by oligonucleotide synthesis and hgation or by site-specific 
mutagenesis techniques. These analog proteuis can be produced m a homogeneous, 
.educed-carbohvdrate fonn m good yield using yeast expression systems N-glycosylation 
sites in eukarvouc proteins are cnaractenzed by the amino acid u-.plet Asn-A.-Z, where A, 
') IS anv amino acid except Pro, and Z is Ser or Thr. In this sequence, asparagine provides a 
side Cham amino group for covalent attachment of carbohydrate. Such a sue can be 
eliminated bv suostuuting another amino ac.d for Asn or for residue Z, deleung Asn or Z, 
or insemng a non-Z an.no acid between Ai and Z. or an amino acid other than Asn 
between Asn and A,. 

,5 AIR protein denvanvcs may also be obtained by mutations of the native AIR or us 

subunits An AIR mutated protein, as referred to herein, is a polypeptide homologous to an 
AIR protein but which has an ammo acid sequence different from the native AIR because of 
one or a plural.tv of deleuons, insertions or substitution... The effect of any mutation rnade 
in a DNA encoding an AIR peptide may be easily determined by analyzing the ability of the 

K) mutated AIR peptide to inhibit AIR-mduced cell death, for example, by AIR-spccific 
antibodies. Moreover, activity of AIR analogs, mutcms or derivatives can be detcmiined 
by anv of the assavs described herein 
■ ■ AnaloBs o'f the inventive proteins may be constructed by, for example, making 
vanous substitutions of lesidues or sequences or deleting temrinal or internal residues or 

35 sequences not needed for biological activity. For example, cysteine residues can be deleted 
or replaced with other ammo acids to prevent fomiat.on of incorrect intramolecular disulfide 
bndees upon renaturation. Other approaches to mutagenesis involve modificauon of 
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adjacent dibasic amino acid residues lo enhance expression in yeasi systems m which 
KEX2 protease activity is present. 

When a deienon or insen.on strategy is adopted, the potential effect of the aeleuon 
or insertion on biolo.icai activity should be considered. Subunits of the inventive proteins 
mav be constructed by deieiing tem.inal or iniemai residues or sequences. Soluble forms 
of AIR can be readily prepared (for example, by using restncuon enzymes to delete 
ponions of the DNA encoding transmembrane and cytoplasmic regions) and tested for their 
abUitv to inhibii AIR-.nduced ceU death. Polypeptides corresponding to the cytoplasmic 
re-ions and fragments thereof (for example, the death domainj can be prepared by similar 
techniques. Additional guidance as to the types of mutations that can be made is provided 
by a comparison of the sequence of AIR to proteins that have similar structures, as well as 
bv performim: structural analysis of the inventive AIR proteins. 

Generallv. substitutions should be made con.servatively; i.e., the most preferred 
substitute amino acids arc those which do not affect the biological activity of AIR (i.e., 
abilitv of the inventive proteins to bind antibodies to AIR in a manner substantially 
equivalent to that of native AIR for mutems of the extracellular domain, or ability to induce 
apoptosis upon overexpression m transient aansfection systems, for example). Examples 
of conservative substitutions include substitution of an^no acids outside of the binding 
domain(s) (either Iigand or antibody binding areas lor the extracellular domain, or regions 
that interact with other," ir.tracellular proteins for the cytoplasmic domainj, and substitution 
of amino acids that do not alter the secondary and/or teniai-y structure of native AIR. 
Adduional exam.ples include substituung one aliphatic residue for another, such as lie, Val, 
Leu or Ala for one another, or substitutions of one polar residue for another, such as 
between Lvs and Arg; Glu and Asp; or Gin and Asn. Other such conser^'atlve 
substitutions, for example, substitutions of enure regions having sm^lar hydrophobicity 
charactenstics, are well known. 

Mutations m nucleotide sequences constructed for expression of analog AIR or 
fragments thereof must, of course, preserv^e the reading frame phase of the coding 
sequences and preferably will not create con.plementary regions that could hybndize to 
. produce secondary mRNA structures such as loops or hairpins which would adversely 
affect translauon of the receptor niRN'A. 

Not all mutauons in the nucieot.oe sequence which encodes an AIR protein or 
fragments thereof will be expressed m the final product, for example, nucleotide 
substitutions mav be made to enhance expression, pnmanly to avoid secondary structure 
3 loops m the transcribed mRNA (see EPA 75.444A. incorporated herein by reference), or to 
provide codons that are more readily translated by the selected host, e.g., the well-known 
E. coli preference codons for £. coli expression. 
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Al,hou.h a mm..on sue m.y b= pr=dc.e™.,»d, u . no: ncc=ssur>. th«t ilie nature of 
*e m„u.o„ .V. be prcde,e„n,„ed. For csample, ,n order ,0 .elecr for opunturn 
eharaceasrrcs of nruranr. r^do,. ,„.age„es. nray c conduced and , = expressed 
„r„,a,ed proce.ns serecned for .he des.red acdv,.,y. Mu.at.ons can be rnrrodnced a, par..cular 
loe. bv svntl,es.z,ng obgunudeoddes conlarning a mnrrur. sequence, nanked by resonc.ron 
,r„s enabl.ng H=ar,on ,o ,ragm=n,s of .he nar.ve sequence. FoUow.ng Uganon, the r=.,nh,ng 
reconso^cred s'equence encodes an ana.og hav.ng rhe desrred ^no acd rnserdon, 

substiiuiion, or deletion. 

AUemauvelv, oligonucleonde-d.recced sue-specific mutageneses procedures can be 
emploved to prov.de an altered gene hav.ng pan.cui.tr codons altered accordrng to the 
empiuNcu y F^fWarv methods of making the alterations 

s„bs,uu„on,dele„on.or,nser„o„ req .red. - 

se.forthabove:.e«osedbySNa,dere.aI,,C«.-.. , 986^ 
37-73 mv- Craik {BhTechmgua. January 1985. .--1^1. im"" 
E„,.„:c™..:- Fnn.,,cs a.^ P.enun, Press, >98.,: and ^^-^^^^ 

S 4,518.584 and 4,737,462 d.sCose sunable .echn.ques, and are .ncorpora.ed by reference 

0.here,nbod,n,en.sof .he ,nve„..ve pro.e.ns .ncluoc AIR polypeptides encoded by 
DNAS capable of hybndizn.g under moderately smngen, cond.dons .prewash.ng »luuo„ 
of 5 X SSC 0 5% SDS, 1.0 .itM EDTA ipH 8.01 and hybrid.zat.on cond.nons of 5(1 C, 

0 X SSC. overnight, .o .he DNA sequences encoding AIR, and other sequences wh.ch are 
degenerate to .hose wh.ch encode .he AIR. ,n one enrbcd.ntent. AIR polypepndes are . 
least about 70% tdent.cal in amino acd sequence .o .he ttnn.no acd sequence of nanve AIR 
prcein as set fonh in SEQ ID NO: 1 . In a preferred embod.nrent. AIR polypepudes are^ 
Lst about 80% .denuca, ,n am.no acd sequence to ,he nat.ve fomt of AIR; n»s. preferred 

:5 polvpep.,des are .hose .ha, are a, leas, about 90 % .denocal .o nanve AIR. 

Percen. .den.itv ,nay be de.ennlned us.ng a computer progranr. for example, th 
CAPcoIluterprogram described by D=vereuxe,al,<^W...c,<,..cc,.1.^7^.984,a^ 

available from the Universuy of Wisconsin Genetics Computer Group (bWOCG,. Fo 
fragments derived from the AIR protein, the identity is calculated based on that pornon ot 
W the A!R protein that is present in the fragmenl rt.,™i„ed 
The biological activity of AIR analogs of the extracellular domain can be deterr^ned 
by testtng the abih.y of the analogs or muteins ,0 inhibit AIR-.nduced cell dea.h where ea 
, ..ggeL by an agonistic ^tibody or other agonist of AIR, 

assavs. for example, an enzyme mimonoassay ot a dot blot, employing an n t^d tha 
35 binds native AIR, can be used ,o assess tne ab.li.y of AIR analogs or -^"^^^^^ 
death. The biological activity of A,R analogs oi ntuteins of the extrac.Ilul. 
determined by testing the abi.iiy of the analogs .o cause apop.osis when ^-^^ " 

.ansfecled c lis. Al.enianvely. suitable assays, for example, sign.d transduction assays 



PCT/US97/17876 

WO 98/14565 

10 

and ..hods .h. ev.iuau: :He abU.y of .he c>.opl.sn.c reg.on of AIR :o assoc.. wuh 
other :naacellul. pro... involved s.gn. transducuon wUl ^so be useful to asses the 
acnvuv of AIR analogs or muteins. Such methods arc well known m the art^ _ 

'The tnvem.on also includes AIR DNAs. mcludtng any DNAs that encooe the 
aforet.ent.oned AIR protcuts and analogs. Due to code degeneracy, there cm be 
cons-dcrable v^tauon . nucleot.de scMuences encoding the same an.no -d -quen 
DNAS included wtthtn the embodiments of tl.e invention are those capable o hybnchnng 
under moderately stnngent conditions (for example, prcwashing solution of 5 X SSC, 
0 5% SDS 1.0 n-M EDTA (pH 8.0) and hybndization condiuons of 50 C, 5 X SbU 
overnK^ht) or, preferably, under stringent conduions (for example, hybndtzation in 6 X 
overm^ntj, o , i - . , ^ „. ,5-0 lo the DNA of SEQ ID N0:1 . 

SSC at 63°Covernieht; washing in 3 X bbLat :3:5 L-j, to uic 1^. 

Fragmen. of me AIR nuclecde sequences ^e also useful. In one embod.men, 
such .a,.e„,s co^pnse a, leas, abou, 17 consecunve nuCeoudes, prefe.a.ly a, leas, a.™ 
25 aucleondes, „»re preferably a, leas, 30 consecuuve nuc.eor.des, of ^^^ ^^J^ 
drsclosed herern. DNA and RNA con,p.en,cn,s of such fragrnenrs ^' '^^"^ 
along wuh borh s.ngle-srranded and do„ble-s..,ded for„,s of ,he AIR ^NA of SEQ 
NO l or those encoding rhe aforen,en>no„cd polypcpddes A fragmen, of AIR DNA 
generallv conrpnses ar leas, abou, 17 uucleoi.des. prefe,-ably fron, abou, 17 ,o at«u, 3 
nucleoddes. Such nude, acid frag^en.s ,for e.an,plc, a probe --"P-^-^JJ^ 
exrracellnlar doma.n of AIR, ,u-e use as a probe or as pr.mers ,n a polynrerase cha.n reacnon 

The probes f.nd n.e ,„ de.ecr.ng ,n= pr esence of AIR nucle.c acrds „. ■„ va,™ assays 
and m such procedures as Noahern and Soarhern blors. Cell ,ypes e.pressurg AIR a be 
,de„,rr,ed as »=11, Such procedures .e well Uno.n. and ,he sidlled - 
; probe of su„able leng.n. .lepending on ,he pan.cular .nrended apphcadon. For PCR. 5 and 
3' pnmers correspondurg ,0 ,he ,em„n, of a des.rcd AIR DNA sequence are employed 
rsolare and amphfy ,ha, sequence, usurg convennonal lechn.ques 

Odrer useful frugnrenrs of .he AIR nucle.c acrds are 
oI.go„ucleo,.descon,p„s,ng a srngle-srranded nuclerc acd sequence ,e.,her ^^A or DNA 

0 capable of brndrng ,o „.ge, AIR nrRNA ,sense, or AIR DNA unusense, ' ^= 

' , „„.,„r a sense ohgonucleoode. based upon a cDNA sequence for a 

abdny ,0 creare an an,rsense or a sense oagonue . ,o.o«,5q logg 

given pro,e,n ,s descnbcd ,n. for e.xanrple. Srein and Cohen. Can.:.r Res 48.26.W, 
and van der Krol er al.. lUoTcchmqiic.s 6:958, 198S, 

15 I'ses of DN A » Prnreins md Analogs 

;;77;^^;^X;^;;;;^d analogs descnbed herern .all have —^^ '^l 
rneludrng ,he preparaoon of phar^raceuucal conrposKlons, For example, soluble fonns o^ 
AIR ual be useful as an,agon,s,s of AIR.mcd,a,ed apop.os.s, AIR compos.nons (bo.h 
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pro,e,„ and DNAs, w.i, also b= usc.a! .n devd„pn,=„, or bo.h a.on.nc and a.ugon.ac 
lu^S.s ,0 MR, The for„,„ w.H ^ useful ,n .uduc.ng cell dea.h .„, for example mmo 
celk or au.o-rcacuve T cells ,ha, express AIR: .he laner sv.ll be useful ,n ,r,h,b,u„g 
apop,os,s of AIR-expres.„E cells, Tbe ,„ve„uve DNAs are useful for ,he express.on o 
rcconrb,„an, prorems, and as probes for analys.s (e.rher cuarrtuauve or qualrurave, of .he 
presence or dis.ibu„o„ of AIR >ra„scr,p.s, An.agonrs.s of AIR w,l. be useful >n v,.o .o 
facililate culture of cells ouch as PBTjitiai express AIR, 

The mvenuve pro.eurs will also be useful .n preparing kus ,har are used ,0 derea 
soluble AIR or nronlror AlR-rela,ed apoprouc acnvuy, for example, m paoen, specimens, 
AIR prorems will also fu,d uses ,u nronnonr.g AlR-relared apop.ouc acnvuy ,n other 
samples or comoosrrions, as .s necessary when screening for aniagonisis or mu^eocs of 
ihis aclivuy <for example, peptides or small molecules that nihlbi, or mimic, respective y 
^e int=racr.on,r A v.^cty of assav fomrats .e useful in such Rits, including (bu, no 
limited 10) ELISA, do, blot, solid phase binding assa. s ouch as tho,se using a biosensor,, 
rapid format assays and bioassays. f,-K;,^^,, 
The punued AIR according to the invention vtll facilitate the discovery of inh b.tors 
of AIR. and thus, inhibitors of A.R-,nduced cell deatn. The use of a puritied^IR 
polvpepnde in the screening for potential inhibitors Is imponant and can virtually el™ma, 
"the'possibilttv of inlenettng reactions with contaminants. Such a screening assay can 
, uriize either 'the extracellular domain of AIR. the intracellular domain, or a fragment of 
either of these poiypeptides. Detecting the AIR-induccd apoptotic inhibiting acivny of 
molecule would typicali, involve use of a soluble fom, of AIR oenved from * 
ex^acellular domain in a screening assay to detect moiecuies capable of inding .A R n^ 
inhibiting binding of. for example, an agonisnc antibody, or using a P^'^P'^"''; 
5 from the extracellular domain ,n an assay to detect inhibition of the interaction of AIR 
other, intracelluiar piotems involved in signal tr.insduciion. 

Moreover, in vitto systems cati be useo ,0 ascenain the ability of molecules to 
antagonize or agonize AIR act.vity. Included ,n such methods tuc uses of AIR chimeras^ 
for example, a chimera of the AIR imracelluii. domain and an ex.acellul^ domtun denved 
:0 from a protein having a hnown ligand. The effects on signal muisduction of v™ 
molecule can then be monitored by utiUxing the Wnown ligantl to transduce an apopiobc 

,n addition, AIR polypeptides can also I. used for st.^ucture-based design of AIR- 
inhibitors. Such structure-based design is also .now,, a. "rational drug design, Th AIR 
„ polvpepttdes can be ,hree.dimei,s,onally analyzed by. for example. X-ray crystallograpl^ , 
i'oiypepiiue. ;o-,.,hirh ire well-known methods, 

nuclear maenehc resonance or homology modeling, all ol which are well 
The use of'AIR s-auctuta, mfomiauon ,n molecular modeling software systems to as is in 
inhibuor design is also ei.compasseo by the invention. Such computer-assisted mode.tng 
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•r r „.,.,T,^n <nch 's chsmical conformational analysis, 
and drug design may utilize infomiation such 

po,e„..., of me n,o..c„i=s. pro... .old... A paruco . m« od o^^^ 
i„ven„o„ co,.pr,ses ^.h..n, the ,hr=e d™=ns.o„.l s..c.ure of AIR for .rkcly o.„d, g 
si,es of .ub.rra.es, synrhesrnng a new nroiecule rha, rncorporare. a predrcrrve reacrve sr.e, 
and assayrng the new nrolecule as desirnbcd above 

Fv prcssion of Bfrnmhinanr AIR 

Theprorern^;^^;;:^^.!. rnvenrron are preferably produced by recomb.na^r DNA 
nrerbods bv ursenrng a DNA sequence encodrng AIR proren, or a analog thereof m,o a 
, recon*.na„. expression vec.or and expressing rl,= DNA sequence "> " 

„,crobuU expressron sysierr, under cond.uons pro^ung expression. ^NA »quenc 
encodrng the prore.ns prcv.ded by ,h,s rnvennon can be assen,bled fronr cDNA frag.en, 
and shorl oirgonucleotidc- l.nkers. e.r from a senes of oligonue.eorioes, to provd 
symhenc gene wh.ch ,s capable of being insened r„ a reconrbrnan, express.on vector 
5 expressed in a reeombin.uit transcripuontil unu. 

Recombinan, expression veclors rnc.ude synthetic or cDNA-denved DNA 
fra.ments encod.na AIR. „o„,ologs. or b.oequivalent analogs, operably l.nked to su.tabl 
tra^scnpuonal or transLuonal rea.datory elements derived front ntantntal.an. microbial, 
vtral or tnsec, genes. Such regulatory elentents include a transcrtpt.ona, P—"' ™ 
0 opttonat operator sequence to control transcnption. a sequence encod.ng suitable nrRN 
J .> h.rh ,.,iniTol the lermintr.lon ot u-an.scnpt]on and 

ribosomal binding sites, and sequences which contiol tern „„„f„ed 
transladon, as described In deta.l below. The abiltty to repl.cate .n a host, usually confen-ed 
by ^ origin of replication, and a selectton gene to factlitate recogntuon of transfonrtants 
mav addiiionally be incorporated. 
• 5 • DNA regions are operttbly Intked when they are functtonally related to ea h o h r^ 
For extuttple, DNA for a signal pept.de .secreio.. leaden .s operably h.tked to DNA or 
polypeptide if .. ts expressed as a precursor wh.ch pt^tcipates tn the secrenon f ^ 
o,yp=p..de; a promoter .s opert.bly li.tked ,o a coding sequence it «;°™»'' 
LTcr'ptton of the sequence, or a r.bosonte b.nd.ng s.te ts operably - - - 

30 sequence ,f it ts posit.oned so as to pc™, transla.tt.n Genera y, operably ^^ed 

contiguous and. .n .he case of secre.ory leader,, eonoguoas t.nd .n reao.ng ™^ 
seque;ces encC.tg AIR o. hontologs which .-e to f. expressed t.t a .tttcroorg^.m 
preferably contain no tnt.ons tl.a. could p.ema.urely term.na.e .ransenpt.on of DNA into 

35 ""'■'^Useful expression vectors for baeter,.., use ea., co.opr.se a selectable marker and 
bactertal ong.n of repl.c.t.on denved fr„,n co.nnterc.ally '^^^^^^ 
genet.c elenten.s of .he well known clon.ng vec.or pBR322 ,ATCC J^"^ 
omntercia, vectors t.ich.de. for example. pKK223-3 (Phan,t..c.a F.ne Chem.cals. Uppsaia. 
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Sweden, and pGEMl (Promega B.orec, Mad.son, WI. USA.. These pBR322 '^backbone' 
secuons are conVomed wuh an appropnate promoter and the sirucmral sequence to be 
expressed £ cou is tvpicallv n-ansforrrred us.ng denvatives of pBR322. a piasmid denved 
frl an £. cou spec.es <BoUvar et al., Gene 2:95. 1977). pBR322 contatr^s genes for 
ampicUUn and te.acycnne resistance and thus provides simple means for identifying 
transformed cells. 

Promoters commonly used m recombmant microbial expression vectors include the 
P-lactamase tpen.cillinasej and lactose promoter system (Chang et al., Nature 27^:615, 
1978- and Goeddel et al.. Nature 281:544, 1979). the tryptophan (trp) promoter system 
(Goeddel et al.. Nucl. Ac^ds Res. 8:4051, 1980; and EPA 36.776) and tac promoter 
(Manians, Molec^dar Cluntn,: A Latoratory Manual, Cold Spring Harbor Labo^atoo^ p 
4P 198-) A panicuUrlv useful bacterial expression system employs the phage K Pl 
promote: and cIS57ts themiolabile repressor. Plasmid vectors available from the Amencan 
Tvpe Culture CoUecuon which incorporate denvauves of the X Pl P-moter include 
plasmid PHUB2. resident m E. coU strani JMB9 (ATCC 37092) and pPLc28, resident in 
£.c^)/iRRl (ATCC 53082). 

Suitable promoter sequences in yeast vectors include the P--oters or 
metalloLhionem, 3-phosphoglycerate kinase (Hitzeman et al.. J. BuA. Ckem. ..5..073 
1980) or other dvcolyuc enzymes (Hess etal., ./, AcU: Enzyme Re,. -.149, 1968; and 
Holland et al., V..c/i.... /7:4900. 1978), such as enolase, glyceraldehyde-3-phosphate 
dehvdro.enase. hexokinase. pyruvate decarboxylase, phosphofructokinase, glucose-6- 
pho'spha; isomerase. 3-phosphoglycerate mutasc, pso-uvate kinase, mosephosphate 
isomerase, phosphoglucose isomerase, and glucok.nase. Suitable vectors and promoters 
for use :n veust expression are further described in R. Hitzeman et al.. EPA 73.657. 
; Prefen-ed vea.st vectors can be assembled usuig DNA sequences from pBR..- for 

selecuon and replication ,n £. coU (Ampr gene and ongm o. lepl.cafon) and yeast DNA 
sequences including a gh.cose-repressible ADH2 promoter and a-factor secretron leader^ 
The ADH2 promoter has oeen described oy Russell et al. Btol. Cke,n. 255:2674, 198-) 
and Beieret al. iNamre 300:124, 1982). The yeast a-factor leader, which directs secretion 
:) of heterologous proteins, can be msened between the promoter and the structural gene to ^ 
expressed. See. Kurjan et al.. Cell 30:933. 1982; and Bitter et al.. Proc. Natl. Acad^ 
Set USA S£5330, 1984, The leader sequence may be modified to contain, near its 3 end, 
one or more useful resnncfon sues to facluate fusion of the leader sequence to foreign 

5 The transcriptional and translauonal control sequences ui expres.s.on vectors to be 

used m transforming venebrate cells n.ay be provided by viral sources. For example, 
comnionlv used promoteis and enha.icers are denved from Polyoma. Adenovirus Sinriian 
Virus 40'(SV40,. and h.man cytomegalovirus. DNA sequences derived from the SV40 
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viral genome, for example. SV4U or.gm, early and late promoter, enhancer, splice and 
polvadenvlation sues may be used to prov.de the other genetic elements required for 
expresston of a heterologous DNA sequence. The e.trly and late promoters are particular y 
useftJ because both are obtained easUy from the vtrus as a fragment which also contains the 
SV40 vtral origin of replicatton (F.ers et al.. Namre 27i:l 13, 1978). Smaller or larger 
SV40 fragments mav also be used, provided the approximately 250 bp sequence extending 
from the Hu:d III site toward the B,ll sue located in the viral origin of repUcanon is 
included. Further, viral genomic promoter, control aitd/or signal sequences may be 
uulized, provided such control sequences are compauble with the host cell chosen. 
Exemplary vectors can b. constructed as disclosed by Okayama and Berg iMol. Cell. BuA. 

J:280, 1983). . 

A useful svstem for stable high level expression of mai.nr.alian receptor cDNAs in 
C127 murine mammarv^ epithelial cells can be constructed substantially as described by 
Cosman et al. ,Mol. i,n,nunoL 23:935. 1986). A preferred e ukary otic vecK^r for 
expression of AIR DNA is referreo to as pDC406 (McMahan et al., EMBO J. 10:28.1, 
1991), and includes regulato.-y sequences derived from SV40, human immunodeficiency 
virus (HIV), and Epstem-Barr virus (EBV,. Other preferred vectors include PDC^O^ -d 
PDC410 which .u-e derived from pDC406. pDC41() was derived from pDC406 by 
substituting the EBV ong.n of replication with sequences encoding the SV40 Utrge 1 
) andaen. pDC409 differs from pDC406 m that a B,l II restriction sue outside of the 
muUiple cloning site has been deleted, making the B,l II sue within the multiple cloning sue 

unique. , 

A useful cell line .hat allows for episomai replication of expression vectors, such as 
PDC406 and pDC409, which contain the EBV origin of replication, is CV- 1/EBNA (ATCC 
5 CRL 10478), The CV-l/EBNA ceU line was derived by n-ansfection of the CV-1 cell Ime 
with a gene encoding Ep.stein-Barr virus nucietir antigen-1 (EBNA-I) and consntunvely 
express EBNA-1 driven from human CMV immediate-eany enhancer/promoter. 

Host Cells ^ , ., 

.0 Transfom^ed hosi cells are celis which have been transformed or transfected with 

expression vectors constructed using recombinant DNA techniques and which contain 
sequences encoding the proteins of the present invention. Transformed host cells may 
express the desired protein (AIR or homologs thereof), but host cells transfommed for 
purposes of clonin. or amplifying the inventive DNA do not need to express the protein. 
55 Expressed proteins will preferably be secreted into tne culture supernatant, depending on 
the DNA selected, but mav be deposited in the cell membrane. 

Suitable host cells for expression of viral proteins include prokaryotes, yeast or 
higher eukaryotic cells u ider the control of appropriate promoters. Prokaryotes include 
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eukan^o^c cells mclude cscabUshed cell hnes of mammaHa.. or.gm as dcscnbea below. 
Cell-free translat.on svstems could also be en.ployed to produce v.ral proteins ustng RNAs 
denved from the DNA constructs disclosed hereto. Appropnate cloning and expression 
vectors for use with bacterial, fungal, yeast, and mammalian cellular hosts are descnbed by 
Pouwels et al. iCloning Veaors: A Laboratory Maruu^L Elsevier, New York, 198.), the 
relevant disclosure of which is hereby incorporated by reference. 

Prokarvonc expression hosts may be used for expression of AIR or homoiogs that 
do not requir; extensive proteolytic and disultide processing. Prokaryotic expression 
vectors generallv comprise one or more phenotypic .selectable markers, for example a gene 
encoding proteins conferring antibiotic resistance or supplying an autotrophic requirement, 
and an ongin of replication recognized by the host to ensure ampluication withtn the host. 
Suitable prokarvotic hosts for transtormauon include E coU. Baall.s sulnU., Salmonella 
rrpkunur.u,r:. .id various species within the genera PscucU.nona.s, Suep:o,nyces. and 
Staphvlacoccus, although otners may also be employed as a matter ol choice. 

' Recombinant AIR may also be expressed ni yeast host., preferably from the 
Sacckaro.n.ccs species, such as 5. ccrc..ac. Yeast of other genera, such as P.k.a or 
Kluyvcromvces mav also be empioved. Yeas, vectors will generally contain an origin of 
replicauon from the 2, yeas, plasn.d or an autonomously replicating sequence (ARS), 
promoter, DNA encoding the viral protein, sequences for polyadenylation and transcnpt.on 
termtnation and a selection gene. Preferably, yeast vectors will include an origin of 
replicauon and selectable marker pem^itting transfom.auon of both yeast and E. coh, e.g., 
the ampicillin resistance gene of £. caU and S. ccre...ae trpl gene, which provides a 
selection marKer for a muiant strain of yeast lacking the ability to grow in tryptophan, and a 
, promoter denved from a highly expressed yeast gene to induce transcription of a structural 
sequence downsneam. The presence of the trpl lesion in the yeast host cell genome then 
provides an effective environment for detecting transfomiauon by growth in the absence of 
trvpiophan. 

Suitable veast transformation protocols tire known to those of skill in the art, an 
3 exemplary^ technique is ucscribed by Hinnen et al.. Proc NaU. Acad. Sc. ^^'^'^^ 
1978, seiectine for Trp' iransformants in a selective medium consisting o 0.67 . yea t 
nitrogen base,^0.5% casamino acids. 29. glucose. 10 ,g'ml adenine and 20 ,g/mi uracil. 
Host^trains transfonned by vectors comprising the ADH2 promoter may be grown for 
■ • ^- ccn.. of veast extract peptone, and \% glucose 

expression in a rich medium consisting of 1 /f yeast extract, - /c p p 

5 supplemented with 80 H'Vml aaenine and 80 ^.g/ntl uracil. Derepression of the ADH. 
promoter occurs upon exhausuon of medium glucose. Crude yeast supematants are 
harvested by filtration and held at 4'C prior to further puriiication. 
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Vanous nmalian or insect cell culture system. c:m be employed to express 
recombmant protein. Baculovirus systems for production of heterologous protems in tnsect 
cells are reviewed bv Luckow and Summers. B.oJTccknology 0:47 (1988). Examples of 
suitable mami..alian host cell lines include the COS-7 lines of monkey kadney cells, 
described bv Gluzman (CW/ 2J:175, 1981), and other cell lines capable of expressing an 

• 1 H n„ f-.^ f>v,mnle CV-l/EBN^ (ATCC CRL 10478). L cells, 
appropnate vector including, tor example, i/hd.n.*^ v- 

^nuni HpT ■! -inrt RHK cell lines. Mammalian 
CI 27, 3T3. Chinese hainster ovary (CHO), HeLa and hmk ecu 

exp^ression vectors mas' comprise nontranscnbed elements such as an ongin of rephcation, 
a suitable promoter and enhancer linked to the gene to be expressed, and other .V or 3 
nanking nontranscnbed sequences, and 5' or 3' nontranslated sequences, such as 
necessary nbosome binding sues, a polyadenylat.on site, splice donor and acceptor sues, 
and transcripuonal lemiination sequences. 

Pnriricaiion of Recombmani .AIR 

Purit-ied AIR, ho.noloes, or analogs :irc prepared b> cuhunng suitable host/vector 
systems to express the recombmant n-anslauon products of the DNAs of the present 
invention, which are then punfied from culture media or cell exu-acts. For exaniple, 
supernatants from svstems which secrete recombinant protein mto culture media can be first 
concentrated using a commercially avaHabie protein concentration filter, for example, an 
Amicon or Millipore Pellicon ulti'afiltraiion unit. 

Following the concentration step, the concentrate can be applied to a suitable 
, ui t-r ,,^..rr,v r- ,n rnmnrise a counter structure 

punfication man-ix. For example, a suitable atrmitv matrix can co.nprise 

protein or lectin or antioody molecule bound to a suuable suppon. Altemanvely, an anion 
exchange resin can be employed, for example, a mamx or substrate having pendant 
i diethvlln^noethvi (DEAF) groups. The mau-ices can be acrylamide, agarose, dextran, 
cellulose or other tvpes commonly employed in proicm punficaaon. Alternatively, a cation 
exchange step can be employed. Suuable cation exchangers include vanous insoluble 
matnces compnsin. sulfopropyl or cai-boxymethyl groups. Sulfopropyl groups are 
preferred. Gel filtration chromatography also provides a mea.is of purifying the inventive 

3 proteins. , 
A.frinitv chromatography .s a pamcularly preterrec metnod of punfying AIR and 
homologs the;eof. For example, ati AIR expressed as a fusion protein compnsing an 
immunoglobulin Fc region can be punfied using Protein A or Protem G affinuy 
chromatographv. N4oreover, an AIR protein compnsing an oligomenzmg zipper domain 

5 mav be purified on a resin compnsing an antibody specific to the oligomenzing zipper 
domain. Monoclonal antibodies against the AIR protein may also be useful m affinuy 
chromatographv punficaaon, by utilizing methods that are well-known in the an. A hgand 
may also be used to prepare an affmity matrix for affmttN' puntication ot AIR. 
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Fmallv, one or mure revcrsed-phasc n.gh penormance Uqu>d chromatograpny (RP- 
liPLC. steps' emplov.ng hydrophobK- RP-HPLC mcd.a, e.g., s.Hca gel hav.ng pendam 
n^ethvl or other ai.phauc groups, can be employed to fuaher punfy an AIR compostt^on^ 
Son.; or all of the foregoing punncation steps, >n vartous combtnat.ons, can also be 
employed to provide a homogeneous recombtnani protein. 

■ Recombinant protein produced in bactenal culture is usually isolated by miual 
extraction from cell pellets, followed b> one or more concentrauon. salting-out, aqueous 
.on exchange or size exclusion chromatography steps. Finally, high perfon^ance liquid 
chromatoar^phv (HPLC; can be en.ployed for rlnal punrication steps. Microbial cells 
emploved^n expression of recombinant viral protein can be disrupted by any convenient 
method, including freeze-thaw cycling, sonication. mechanical disruption, or use of cell 
lysine agents. 

' - F=n.=n:ano„ of yea. wh.ch expr.,. .he ,nve,u,ve pro.ein a seere,eo pro,e n 
greaUv s.^pUfies pur.ficacon. Sec.-e,ed re.on.bina.n p.o,e,n .evahing fron, a a,E=-scale 
fern,en,a„on can be punf.ed by n,e„»ds analcgoas .o d.sclo.ed by Urdal e, al. (7, 
Chroma,o,. 296-Aiy .984,, Th,s reference ae.scr,bes ,wo seMaennal. reversed^phase 
HPLC steps for pnnncal.on of recomb.nan, haman GM-CSF on a preparu„ve HPLC 

column. r- ,, 

Protein synthesized in recon.binar.t culture is chtiracienzed by the presence of ceU 

, components, inc'luding proteins, in amounts and of a character which depend upon the 
punfication steps taken to recover the inventive protein from d.e culture. These 
components ordinarily will be of yeast, prolcaryouc or non-human higher euka:,'OUC origin 
and preferably are present in innocuous contan.nant quantities, on the order of less than 
about 1 percem by weight. Further, recomo.nan, cell culture enables the production of the 

S .nventive proteins free of other proteins which may be non^ally associated with the proteins 
as they are found in nature in the species of origin. 

Hsps pnd Administration of aMR Compositions 

The present invention provides methods of using therapeutic compositions 
0 comprising an effective amount of a protein and a suitable diluent and earner, and methods 
for re-ulatin. an immune response. The use of AIR or homologs in conjunction with 
solubi; cyto^ne receptors or cytokines, or other immunoregulatory molecules is also 

contemplated. , 

For therapeutic use, purified protein is administered to a pauent, P-ferably a 
,5 human, for treatment in a manner appropnate to the indication. Thus, for example, AIR 
protein compositions administered to regulate immune function can be given by bolus 
u,ection, continuous infusion, sustained relea.se from implants, or other suitable tecnnique. 
Typically, a therapeutic a.ent w.ll be administered in the fon. of a composition compnsing 
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punfied AIR, in conjuncuon wuh physiologically acceptable earners, cxcipients or diluents. 

Such earners will be nontoxic lo recip.eius at the dosages and concenrrauorts employed. 

Ordinariiv the t^reparation of such proteni compositions entails combining the 

.nventive protein with buffers, antioxidants such as ascorbic acid, low molecular weight 
5 (less than about 10 residues, polypeptides, proteins, amino acids, carbohydrates including 

glucose, sucrose or dextnns, chelating agents such as EDT.A, glutathione and other 

stabilizers and excipients. Neutral buffered saline or saline mixed with conspecific serum 

albumtn are exen.plary^ appropriate diluents. Preferably, product is formulated as a 

lyophUizate usin. appropriate excipient solutions (e.g., sucrose) as diluents. Appropnate 
10 dosages can be deten..ned in trials. The amount and frequency of adm^nistranon wi 1 

depend, of course, on such factors as the nature and seventy of the indication being treated, 

the desired response, the condition of the patient, and so forth. 

Soluble forms of AIR and other AIR antagonists such as antagonistic monoclonal 

antibodies can be administered for the purpose of inhibuing AlR-mduced cell death. AIR is 
15 expressed in activated T cells, and may play a in role in apoptotic death of these cells 

Soluble fom.s of AIR are thus likely lo be useful in preventing or treating diseases in which 

T cells are inappropriately killed, for example. AIDS. 

The following examples are offered by way of illustration, and not by way of 
20 limitation. Those skilled m the art wUl recognize that variations of the invention em'oodied 
the examples can be made, especially ,n light of the teachings of the various references 
cited herein, the disclosures of which are uicorporated by reference. 

FX AMPLE 



This example Describes idennficauon and isolation of a new tumor necrosis factor 
receptor-like protein. A cDNA having some degree of homology to Tumor Necrosi.s Factor 
receptor type I -TNFRI; p60, Schall, et ai.. Cell. 61:361, 1990k Loetscher, et a ., CelU 
61-351 1990J was identified m the NCBI EST {Expres.sed Sequence Tag) database 
(accession . H41522). Additional homologous ESTs were then idenufied (accession 
numbers H46374, H46424, H46211, H46662), and oligonucleotide primers were 
synthesized based on portions of the sequences that were conserved in tlie overlapping 
ESTs had sequence of only about 50% GC. and contained no ambiguous nucleotides. The 
primers were used to determine the distribution of a potenual corresponding RNA transcnpt 
:n a variety of tissues using RT-PCR (reverse transcnpta.se-polymerase chain reaction) on a 
panel of first strand cDN.^s substantially as described in USSN 08/496,632. filed June 9^ 
1995 Fetal brain was laentif.ed as a tissue in which mRNA corresponding to the lOenufied 
sequence was .anscribed: a human fetal brain cDNA library^ .Clontech, Palo ^1-^ CA)was 
screened usine tne PGR product described previously, which was labeled with T-dCTP 



I'CT/US9 7/1 7876 

WO 98/14565 

19 

by random priming or by additional PGR reacuon. This process ^diowcd the isolanon of a 
number of cDNA clones which contained the sequences iaentified m the ESTs. 

Sequence analvsi. confimicd the homology of the isolated cDNA to the TNF 
receptor famiiv and showed conservation ol' the cysteine-nch pseudo-repeats which 
characterize the extracellular domain of members of this family. However, all the clones 
isolated lacked a leader pepude and a transmembrane region. Accordingly, addiuonaJ 
clones were isolated form other libraries. Analysis of clones denved from a human 
penpheral blood T-cell (PBT) library (Park et al.. Blood 74:56, 1989) allowed the isolation 
of a full length cDNA transcript, and also indicated that the clones obtained from fetal brain 
contained unspliced introns. After the full-length clone was isolated, .t became clear that 
the ESTs contained nucleotide sequence denved from introns such as those present in the 
clones obtained from fetal brain. 

The novel transcript isolated from the PBT library, referred to as apoptosis inducing 
receptor (AIR), cncodec a 4n ammo acids laa) type I membrane protein with a 27 aa signal 
seciuence, a 170 aa extracellular domain characterized by four cyste.ne-nch pseudo-repeats, 
a -^7 aa transmembrane rc.ion and a 193 aa cytoplasmic region. The cytoplasmic region 
AIR contains a sequence ihat has the charactensucs of a deaih domain, a region, conserved 
between TKFRi and Fas. which is necessary and sufficient lor transducuon of an apoptonc 
signal when signaling occurs via TNFRl or Fas O-artagUa et al.. Cell 74:845, 1993; Itoh 
and Nagata, J. Biol. 'Cliem. 268:10932, 1993), The death domain of AIR exhibits 
significant homolouv (48'7c identity, 64% simikinty) to tiie 80 aa sequence which encodes 
theTNTRI death domain, and is also simiku" to the ucath domain of Fas (19.5% identity, 
47% similaritv) The nucleotide and ammo acid sequence of AIR is shown in SEQ ID 
NO:l. The predicted siunai pepude spans ammo acids 1 through 24 of SEQ ID N0:1. 
Amino acids 198 through 224 are predicted to torn, a u-ansmembrane region. Within ine 
cytoplasmic region (ammo acids 225 through 4!7;, the putative death domain spans ammo 
acids 335 through 413. 

FX AMPLE 2 

This example describes the cellular and tissue distrioution of AIR mRNA. In order 
to detemiine the cellular and ussue distribution of AIR mRNA, poly (A)- RNA derived 
from various cell line-:, oi tissues was examined by Normem bio: analysis using tne AIR 
cDNA as a probe. Filteis containing poly(A)- RNA (2 pg per lane) from various tissues 
were purchased from Ck,:uech (Palo Alto. CA). Polyaaen> lated RNA from vanous cells 
or cell lines were isolated, fractionated (2 ug per lane) on a 1 % agarose fomialdehyde gel, 
blotted onto Hvbond nviun membrane (Amersham). Filters were probed with an anti-sense 
RNA nboprobe corresponding to the coding region of AIR cDNA. Hybridization was 
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perfon^ed at 630C followed by three wush.ngs >n 0.27. x SSC. 0.1% SDS at 680C. Blots 
were exposed for 8 to 48 hr at -70OC. 

Nonhern analvs.s showed strong expression of AIR m spleen, thymus and 
penpheral blood lymphocytes, wuh a predomman: transcnpi ~3.()kb together with a smaller 
~1 5kb transcript. Low level expression was observed m colon and small mtesttne. No 
transcnpts were detected m ovar> . tesfs, and prostate. Tl.e K299 ceil Hne (established 
from peripheral blood of a patient diagnosed with high grade large cell anaplasnc 
lymphoma) and the T cell line temied clone 22 also express AIR. Expression of AIR was 
alsoobserN'ed bv RT-PCR m dendntic cells. Expression of the receptor can be regulated: 
PMA plus ionomycin stimulation ot fresh PBTs leads to up-regulation of AIR message, 
whereas treamient of K299 cells with PMA plus ionomycin down-regulates AIR 
expression. 

Chromosomal localization of AIR using u panel of radiation hybrids maps the gene 
to the telomeric end of human chromosome !p, m close proximity lo the region which 
encodes the genes for TNFRU, CD30 and 0X4(). 

FV AMPLE 3 

This example describes construction of a construct to express a soluble AIR^lag® 
protein referred to as AlH/Flag. AIR/Flag® contains a leader sequence, and the region of 
AIR from amino acid 25 to amino acid 1 97 (SEQ ID NO: 1 ), and the octapeptide reterred to 
as Flag® (SEQ ID NO:3). The construct is prepared essentially as descnbed for other 
solubk constructs, bv li.atmg a DNA fragment encoding ammo acids 25 through 197 of 
SEQ ID NO: 1 (obtained bv PGR or another suitable method) into ar, appropnate expression 
vector which contains a suitable leader sequence. The resultant DNA construct is 
transfected into a suitable cell line such as tne monkey kidney cell line CV-l/EBNA <ATCC 
CRL 10478). AlR/FlagCi) may be purnlcd using a Flag® antibody affinity column, and 
analyzed for biological activity using any of the methods de.scrihed herein, 

FX AMPLE 4 

This exantple describes construction of an AIR DNA construct to express an 
AIR/Fc fusion protein. A soluble form of AIR fused to the Fc region of hutmn IgGl was 
constructed in the mammalian expression vector pDC4()9 (USSN 08/571,579). This 
expression vector encompasses the leader sequence of the Cytomegalovirus open reading 
frame R27080, followed by amino acids 25-199 of AIR, followed by a mutated form of the 
constant domain of human IgG, (SEQ ID NO:4j. 

The AIR'Fc expression plasmid was o-ansfected into CXM/EBNA ceils, and 
supernatants were collected for one weeK. The AIR/Fc fusion protein was purified on a 
protein A sepharose column (Pharmacia, Uppsala, Sweden) substantially as described in 
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Exar.plc 5 Prote.n conccurauon was dc.em.ned by an enzyme-hnked .mmunoadsorbent 
assav specie for the constant domain of human IgGl and by BCA an.dys.s (Pha^acta, 
and puntv wa. contn^e. by SDS-polyacrylan.de gel eiecn-ophores.s analyses followed by 
silver stain of the uel. SDS-PAGE (m the presence of a reducing agent) analysis of the 
punfied AIR-Fc showed the protein nngn-atea with a molecular weight ot -:.2kDa, 
Inieresangly, disulfide Imked homodimers were found to only represent -30% of the 
material, with higher order aggregates representing the remaining 70%. 

FV AMPLE 5 

This example describes purification of AIR fusion proteins. AIR/Fc fusion protein 
IS punr^ied by convenuonal methods using Protein A or Protein G chromatography^ 
Approximately one luer ot culture supernatant containing AIR/Fc fusion protein is punfied 
bv filtering mamn.alian cell supernatants .e.g., in a 0.45m filter; and applying filtrate to a 
p'rotein A,:G antibody attlnny column (Schleicher and Schuell, Keene, NHT) at - a How 
Lte of 80 ml/hr for a 1.5 cm x 12.0 cm column. The column is washed with 0.. M NaC 
in PBS until free protein is not detected in the wash buffer. Finally, the column ,s washed 
with PBS. Bound fusion protein is eluted from the column with 25 mM citrate buffer, pH 
2 8 and brouiiht to pH 7 with 500 mM Hepes buffer, pH 9.1. 

An AIR fusion prcue.n comprising Flag® may ahso be detected and/or purified using 
an antibodv that binds -flag®, substanually as described m Hopp et al., Bu.fTccnnolosy 
I 6:1204 (1988). Biological activity is measured by inhibition of AlR-mduced cell death, for 
example, as described m ihe Examples herein. 

F\ AMPLE 6 

This example iliusn-ates tne preparation of monoclonal antibodies against AIR. 
Preparations of punfied recombinant AIR, ior example, or transfected cells expressing high 

5 levels of AIR, are emplovcd to generate monoclonal anubodies against AIR using 
conventional techniques, such as those disclosed m U.S. Patent 4,411,993. DNA 
encodme AIR can also be used as an immunogen, for example, as reviewed by Pardoll and 
Beckerle^g in Inunnnuy 3:165, 1995. Such tuuibodies are likely to be useful m interfenng 
with AIR-induced cell death tantagonistic antibodies, or in inducing apoptosis by cross- 

0 linking AIR (agonistic antibodies), as components of diagnostic or research assays for AIR 
or AIR activity, or in affinity purification of AIR. 

To immunize rodents. AIR in^unogen is emulsified .n an adjuvant (such as 
complete or incomplete Freund s adjuvant, alum, or another adjuvant, such as^ Ribi 
adjuvant R700 (Ribi, Hamilton, MTj, and injected in amounts ranging from 10-100 ng 

;5 subcutaneouslv into a selected rodent, for e,.ampie, BALB/c mice or Lewis rats. DNA may 
be given intr^dermally (Raz et al.. F.n Ncul. AccuL ScL USA 91:9519, 1994) or 
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mtamuscularlv (Wang ct ;U., Proc. Natl. Acad. Sa. USA 90:4156, 1993); saime has been 
found to be a suitable diluent for DNA-based antigens. Ten days lo three weeks days later, 
the inimunized animals aie boosted with additional immunogen and penodtcally boosted 
thereafter on a weekly, biweekly or eveiy third week imnnunizat.on schedule. 

Serum samples are penodically taken by retro-orbital bleeding or tail-up excision for 
tesnng by dot-blot assay (antibody sandwich), ELISA (enzyme-linked immunosorbent 
assay), immunoprecipitation, or other suitable assays, including FACS analysis. 
Following detection of an appropriate anubody titer, positive animals are given an 
intravenous mjecuon of antigen m saline. Three to four days later, the animals are 
sacrificed, splenocytes harvested, and fused to a munne myeloma cell line (e.g., NSl or 
preferably Ag 8.653 [ATCC CRL 15801). Hybndoma cell lines generated by this 
procedure are plated in multiple microt.ter plates in a selective medium (for example, one 
containing hypoxanthme, ammoptenn. and thymidine, or HAT) to inhibit proliferation of 
non-fused ceils, mveloma-mveloma hybrids, and splenocyte-splenocyte hybrids. 

Hybndoma clones thus generated can be screened by ELISA for reacuvity with 
AIR for example, by adaptations ot the techniques disclosed by Engvall et al., 
Immunochern. «:871 (1971) and in U S. Patent 4,703.004. A preferred screemng 
technique is the ant.bod>^ capture technK,ue described by Beckman et al., J. Immunol. 
144:4212 (1990). Posiuve clones are then injected into the peritoneal cavides of syngeneic 
rodents to produce ascites containing high concenu-auons (>1 m&/ml) of anti-AIR 
monoclonal antibody. Tlie resulting monoclonal anubody can be purified by ammonium 
sulfate precipitation followed by gel exclusion chromatography. Alternatively, affimty 
chromatography based upon binding ot antibody to proiem A or protein G can also be 
used, as can affinitv chromatography based upon binding to AIR protein. 

.Monoclonal antibodies were generated using the AIR-Pc fusion protein as the 
immunogen. These reagents are sci'eened to confimi reactivity against the AIR protein. 
Using the methods described herein to monitor the activity of the nx^bs, both agonisuc 
(i.e., anubodies that bind AIR and transduce an apoptotic signal) and aiuagonistic (i.e., 
antibodies that bind AIR and do not transduce an apoptotic signal, and in fact can inhibit 
apoptosis; are isolated. 

FX AM PEE 7 

This example illustrates lite ability of AIR to cause apopiosis of transfected cells. 
To detemnne the apoptotic acuvity of AIR in the ab.sence of a ligand, the full length 
transcript was over-expressed in a transient U'ansfection system. This approach has been 
used successfully to demonstrate Fas and TNFRl mediated apoptos.s and relies on the fact 
that self agL^egauon of death domain sequences induced by over-expression mimics the 
Ucand mediated iuxta-nosition of the cytoplasmic regions required for productive signaling. 
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CVl/EBNA cells a. 65x105 ,ells per shdo were u-ansic.uiy cu-iransfeaed a with 

:oud of - of DNA per sHde, by the DEAE-dextrar. method. Each DNA n^xrure 

contarrred O.l of test u-an.cnpt (pDC409-AIR; pDC302-TNFRI. or pDC302-FAS; 

PDC302 IS des^nbed u, Moslcy c, ai.. Cell 59:335, 1989), 0.25 pig of pDC409-B- 

elactosidase and 0,25 ptg of pSV3nco plus 1.0 of pDC303-crmA ,pDC303 :s descnbed 

In US patent 5,350,683; cnrA is a cowpox open reading frame which encodes an inhibitor 

of Intcrleukin-lB-converang enzyme that is capable of blocking apoptos.s through Fas or 

TNFRl- see Cell 69:597, 1992) or 1 .0 pig of empty pDC302 vector DNA. crmA, pDC302 

and PDC409 controls were included m the experiment. All saiTiples were supplemented 

with an appropnate amount of empty pDC302 vector DNA to keep the total amount of DNA 

per transfecuon constant. After 48 hours cells were washed with PBS, lysed with 1.0ml 

of PBS + l%NP-40 for 30 min and the B-galaciosidase activity detem.med using o- 

nitrophenvl-b-D-galactopyranoside as a substrate. The amount of B-galactosidase in the 

lysat^s fX-Gai u/mi , was dctem.mcd bv .neasuring the absorbance of the resulting colored 

product and comp.irmg u to a known B-galactosidase standard. A decrease in the 

absorbance obtained m th.s assay indicates loss of B-galactosidase expression and correlates 

with death of cells that express the prote.n(sj co-u-aitsfecied with li-galactosidase. 

Over-expression of AIR ni CVI,/EBNA ceils lead to cell death. Morphological and 

confocal microscope analyses suggesied that the observed cell death was mediated by. an 

apoptotic mechanism.' further evidence tha, AIR mediated apoptosis was obtained by 

Hoechst stainin. of the iransfected ceils. Like Fas-mduced apoptos.s, the AIR-mexhated 

cell death was partially blocked by co-expression of crn.A. the cowpox gene product which 

specificallv inhibits the Interleukm- 1 Ii-co,iverting enzyme. The cytoplasmac domain ot AIR 

carrvin. the 80 aa death domain sequence is essential for transducing the apoptotic signal. 

A ■ -hi,M^^. ronfunint: tne extracellular domain of CD40 fusea 
This was demon.^trated u^ing a chimera ^ontainu.g me cxuacc 

to the transmemt.rane ano cytoplasmic aomanis of AIR. Over-expression of the CD. O-AIR 
chimera led to the same apoptosis observed when full length AIR was over-expressed. 

FV AMPLE 7 

This example demo.istraies thai a soluble AlRVFc fusion protein can enhance the 
allostimuiatory capacity of CDBu^ dendritic cells (DC). CD8cr DC are a recently idenufied 
subset of antigen presenung ceils which have been described as lymphoid-relate DC (i.e. 
denved from a ivmpnoid comnmted BM progenitor which can give rise to T cells B cells 
and NK cells (Wu et ai., J. Exp. Med. 184: 903, 1996). CD8a^ DC express high levels of 
FasL and have been shown to kill activated. Fa. expressing CD4^ T cells .aro (SQss and 
Shonman.i,£.x;,.M../. 183: 1789. 1996)./. v... studies have shown that CD8a^ splenic 
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DC are less efncicni sumulatin, :he prolifcrafon of allo-rcactiv. and hemaggluun.n- 
specific CD4+ T cells (Siiis and Shonman, 

Maraskovskv et al (/ Exp. Med. 184:1953. 1996) foand that the predominantly 
CD8a-'ivmpho.d-reiated DC were 2-3-fold less cffioent at sttmulattn, tne proUferation or 
allo-reacnve or KLH-spec.f.c CD4^ T cells as compared to otner DC. Furthermore the 
apparent deftcu tn T cell-st:mulattng capacuy of CD8a- DC was actually due to the. abihty 
.0 drrectlv induce the apoptotic death of the CD4^ T cells dunng tn .nro stimulation; this 
effect was obvated when using either DC from gld (FasL-/-J rmce or CD4^ T cells from 
ipr (Fas-/-) mice, .mpUcating a direct role for FasL expressed on the CD8a^ (SUss and 
Shonman, .upraY This suggests that FasL expressing CD8a^ DC can negatively regu ate T 
ceU acnvauon via a programmed cell death pathway. However, the role of Fas-medtated 
killm. has been shown lo be only p:unially responsible for apoptosis of the target T cdls, 
especiallv when the targets are CD8- T cells (Kronin e, al, J Immunol. 15 . : 3819 , 1996). 
in the c-se of CD8- T cells, the CD8a.^ DC were initially efficient at stimulaang 
, CD8^ T cells to orohfera-e, but T cell proliferation was significantly rcauced later in culture 
(Kronui et al, s.praV Studies perto,..ed with Ipr or gld mice indicated that Fas-induce 
apoptosis was not involved suggesting iha, the mechanism was distinct from that observe 
for CD4^ T cells. Tl.e reduced proliferation was rescued only when high levels of IL-_ 
were added to the cultures, correlaung with the significantly reduced lL-2 production 
3 observed for the CD8- T cells (IL-3. GM-CSF and IFN-v production was also reduced, 
but IL-2 appeared to be the most limmng cytokine for the CD8^ T cells). This indicated tha^ 
CDSa^ DC we:e actually- not deficient m their ability to induce T cell P-^^--- ^ ^ 
not induce adequate cytokine production m the responding CD8^ T cells, ^hu.s CD8 DC 
can kill activated CD4^ T cells via a Fas-mediated pathway out also regulate CD8 T cell 
5 proliferation bv conirolling T cell cytokine production via an unknown patnway. 

The rec.alator>- n.ture of CDHcr DC is further dem,>nstrated by Inaba, et al., J. 
Exo Med 186. 665 (1997), who snow that the CD8a^ DC which ta-e localized in the T- 
cel'l 'areas of secondarv lymphoid tissue, predominantly express MHC molecules occupied 
bv self-peptiaes. Furthermore, these CD8a^ DC induced the initial proliferation and then 
,0 death of self-peptide reactive T cell clones vuro. These findings indicate that CD8a DC 
^ functionally specialized to reguUue the course of T cell activation and may play a cnncal 
role in the maintenance ol peripheral tolerance to self-reactive T cells as well as regulate the 
development of the T cell cytokine repenoire. 

Functionally mature CD8a^ DC were isolated from the spleens of mice treated for 
,5 nine consecutive d^ys wuh CHO-derived human Flt3 Ugand (FL. as previousb^ repor^ 
(Maraskovsky et al., .upra, and Pulendran et al.. ./. InununoL '^'■■^]''!^]^'^ 
■ been shown to oramaucally increase the numbers of DC . wv. (USSN 08/.39^142, fil^ 
• -■ 1 n. fr,wn PI irr-'ited mice were incubated with the 

October 4, 1995). Bnetly, spleen cells irom FL-ueatea mice 
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,„o„oc-lo„al .nnbod>es ,n.Ab,, u,u-B220 , for B cdls,, .ui-Thy . (for T ' 
(for myelo.d. cells,, anu-NK I,, (fur NK cells, and a,„-T„ 119 (for eryhro.d cells) ,0 
label mature lineage cells. 

The n.^b coated cells were .hen a,cuba,ed vv„h magneuc beads coated wtth toat- 
ant-mouse .,d goa,-a„n-rat I, (Dyna beads, Dynal Oslo. Norway,. The subsequent ^^b 
and ttragneuc bead coated cells (trtatute Itneage cells, were removed from the ceU 
suspenston as.ng , n,a,,et leaving behtnd an et.tched populatton of DC. ITre depleted 
spleen cells were tncubated wtth antt-CDl Ic (to ,de„t,fy DC, and a„„- CD8a* to tdenofy 
dte CD8a' Ivmphotd-related DC. CDI Ic^ CD8.' DC were then tsolated ^'f ^^-'^ 
Um bv fluorescence activated cell sornng (F..CS, ustng a F..CStar PlusTM (Becton 
Dickinson. San Jose. CA,. and used for btolog.cal evaluanon of AIR/Fc. 

The mouse CDSc,. DC e.spressed a counterstructure tha, bound the human AIR/Fc 
protetn (prepttted st:bstau„a,aily tts descrtbed tn Example 4, at the cell surface, as assesset^^ 
bv now cvtonretnc anulvs.s. Acco,du,gly. the effect of AIR/Fc on the b.ologtcal acuv,ty of 
the CD80:- DC was assessed. The addtuon o, AIR/Fc to CD«a* DC enhttncet^ thetr al lo- 
sttmulatorv capacity ,„ a .n,.ed ly,t,phocyte .eactu.n (MLR,, Allogeneic T cells , 1x1 )0 
were tncubateo with vao.ng numbers of t.ad.ated (2(.00 rad, DC cultured as ntotcated 
above ,n 96-well round bottomed culture plates .n (1,2 ,„1 culture medtum for four days^ 
The cultures were pulsed wtth ».5 tttC, 1 -'H)-ti,ym,d,ne lor e,gh, hours and the cells 
) hat^'est£d onto Ela-ssf,ber sheets for ctsunttng on a gas phase Licounte,, 

The potent aooptotic cell death tnauced by AIR suggests tha, .,. v,v„ the AIR^AIR 
,i,.and system mav modulate cell death v.a the tnduct.on of apoptos.s ,n a manner s,nt,lar to 
that used by the Fas/FasL system, Gtven the h,gh e>tpress,on of AIR on T cells, and the of 
presence o^ a„ AIR countersf^cture on the CDS.* DCs. ,t .s poss.ble that an tnteract.on 
5 between AIR and the DC-espressed countersturcture ntay also contnbute to the poor 
alios, imulatory capacity of the CD^ir DC. 
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This example illusuates a cross-speces hybr,d,zat,o„ technique which was used .0 
.solate a munne AIR hotr.olog ustng a prooe designed Irom the sequence of ^"^^ ^ 

human AIR probe was produced by ^.P-label.ng a 4.S1 nucleoude f"^^™- <■'-'■ 
enccaing the ex.acellula, dontatn of the human AIR protetn. w„h random pnm us. 
the Pnmer ., K,. (S.ra.agene, San D.ego. CA,, The munne 7B9 T eel (Mosley e ah C 
S9 33V 1989, denved cDKA Ubnuy was constructed .n a /, 5LAP phage vector and 
"packaged „. v.tro us.ng a comn.erc.ally ava.labie (G.gapah^. S.ra.agene. San D.ego 
CA, accord,ng .0 .he manu.ac.rer's .ns.rt.cons, subs.an..aily as oescnbed ,h LS pare,,. 
5.599,905, issued February 4. 1997). 
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The human AIR probe was hybnd.z.d .o the cDNA hbran' m a buffer con:a:nmg 
lOX Denhardts soiuuon. 50mM Ins pH7.5, IM NaCl, 0.1% sodium pyrophosphate. IX 
SDS and 200 m^ml denatured salmon spem. DNA a. 6.rC overnignt. Hybridtzatton was 
followed bv washing 30 nnn in 6X SSC, 30 mm tn 2X SSC, 60 mm m IX SSC at 63"C 
and 30 m:n m 0.5X SSC at room temperature. Hybndizmg clones were visualized by 
autoradiography. 

^ clone was isolated carr>.ng a sequence containing a complete coding region wuh 
homology 10 human AIR. This clone, however, also contained what appeared to be two 
mtromc sequences. A fragment encoding the second and third cysteine-nch pseudo-repeats 
.n the extracellular domain of the murine AIR cDKA clone was used to generate a single- 
stxanded PGR probe which was used to re-screen the 7B9 cDNA library. The munne 
probe was hvbndized to phage cDNA in Starks' ouffer containing 50% forman.de (Wahl et 
al 1979 PA'AS 76: 3683- 3687) at 37"C overnight. HyDnd.zation was followed by 2X 30 
mm washes in 2 X SSC and 2X 30 mm washe. in 0.5X SSC at ATC. Hybridizing clones 
were visualized nv autoradiography. 

A clone was isolated containing a coding region identical to that of the previously 
isolated clone, but without mtronic sequences, This clone, however, lacked the tirst 78 
amino acids of munne AIR from the stan methionine. A full length coding sequence cDNA 
construct was derived by PGR by joining the sequences rrom tne two onginal cDNA clones 
) without the mtrons. The nucleotide sequence and preaictea amino acid sequence of this 
clone are illustrated SEQ ID NO:5 and 6. Similarly to human AIR. munne AIR is a Type 1 

, .,-,na -Ml -mino acid residues, with a nredicted 30 amino acid 
transmembrane protein navmg -til amino aciu icsiuu^^. 

• 1 isQ -,nilnn -vA extpicellular domain, a 21 amino acid transmembrane 

signal sequence, a 159 ammo a^ia exuaccuuioi uum^ 

domain, and a 195 an.n.> acid cytopiasn.ic tail. The cytoplas,™c region of munne AK 
5 displays significant ammo acid homology to cytoplasmic region of human AIR and encodes 
a death domain mouf. 
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TITLE Cr :K/Et;TIOM' Move. 
NUM5EF. OF S -Q'^'ENCE.: : if. 



il University 
(C) C:TY: Seattle 



(F) ZIP: t-31Cl 
(V) COMPUTER READABLE EOPJ^'.: 



KEDIUK TYPE: Floppy -iSK 

-ov,-er Macir.tosn 

AG^jie Ooeratirg Systex 



(A) a?flicat:o» r.im: 

(5) t-ILINi: DATE: 
C) class: f I lATIOtv' : 

(vai) PRIOR apfl::atiok data: 

(A; APPLIIATICN IJUMBEr : U.-. SN _ t C / v n 1 , 4 _ 
(S) FILIK3 DATE : 
(C) CLASS :ri CATION ; 



ATT0R!;EY/AC:::MT INCOf-i-lATIOU : 
(A) f.fME: }erkir.c, Pa- 
is ) FEGIS' 'r.ATICt; 



34, fc93 

( C) H.ErEF.ENCE/DGCP'.ET IIUHBEK : 2 6 4 

-'_^:rrr:MMUNI lATIOI-' I tl FOPO-^iAT ION : 
7a) TELEFH3t,'E; 206567043C 



(2) INFORX-LATIOr: FOR SEC H NC : 1 




(1^1) HYFCTHETI'_/.L : 



(IV) .A!:TI-3EN'SE : MO 
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3TCCTCCTTG 




20 ... c.= ==C CCC CO. ^ c.. .c. CO. «= c== .0= TO. 3,< 



val Leu Leu G-v Ala Arg 



..C T3T GCC G3. G.. T.G C .C ..G ..3 3- C.G TT. .3. ^OC 

25 ASP Cys Ala G.y Asp Pne n^. uys -y. 

GGC TGC GCA GCG GGG CAC TAG CTG AA 3 GC: CGT TGG ACG GAG GGC 

Gly Cys Pro Ala G.y Hxs Tyr leu lys ...a Pro C.. .^u 
30 50 55 ^0 

GGC AAC TCC A3G TGC CTT G. 3 TGT CCC CAA GAC AlC TT3 TT3 GCC 

Gly Asn Ser T.-.r Cys Leu Val Cys Pre Gin Asp Pr.r I -e -eu 
70 

GAG AAC CAC CAT AAT TCT GAA TGC GCC CGC TGC CAG GCC TGT GAT 

Glu Asn H.s H.s A3, ser Glu Cys Ala A.g .ys .-n ..a .,s A.p 

40 CAG GCC TCC 

Gin Ala Ser Gin Val Ala Leu G-u - - - 

=0= TC. .OT CC. .== T== ..O 0.0 .3C =TC ^ =^ S.. 

45 Arg Cys Gly Cys Lys Pro Giy Trp .-ne .'-1 

^.-^ --:r -AA CCA TGC CTA GAC TGC GGG 670 

TGT GTC AGC A3T TCA CcC --^ ^ « - : 2Xy 

Cys val Ser S.r Se. Pro Phe Tyr Cys Grn rr -ys -.eu A.p . ^^Y 

50 130 135 ^^C- 

=i: s: 5t= I i 2' S i 
" - S S: 5;? 



CVE Leu Pre Gly Pne Tyr ' 
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TCC T.C CCC .CG .3C .CC .TC, 0G3 A3C .3. CC. 3.3 ^3: .3. 3C3 3CT 
Ser Cys Pre Thr Ser Thr Leu Giy =er Cys -^r.. o-^ -rg - 



vll Cys Gly Trp Arc 3-. Met ?ne Trp Vc:l 



Leu A-a Gly 



: T3T G3C -33 A3G GA3 AT3 TTC T3G 3T3 CA3 3T3 3-G CT3 3CT GGC 

2C0 

„ „ r-rr.- n-- C-^'" GG3 GCG ACC CTG AC 3 CAC ACA TAC CGC 

I;;: ^e^ G:y A.a T.. .eu ... .yr ..r .yr Ar. 

210 



-A- "3- -G3 CCT CAC AAG CCC CT3 GTT ACT GCA GAT GAA GCT GGG ATG 
c;; pro Hxs Lys Pr. Leu Val TKr ALa Asp G,u Ala Gly Met 



230 



GAG GCT CTG ACC CCA CCA CCG GCC ACC CAT 
Glu Ala Leu Tr.r Pre Pio Pro Ala Thr 



2A5 



250 



25e 



GCC CAC ACC CTT CTA GCA CCT CCT GAC A3C AGT GAG AAG ATC TGC ACC 
Ala H.s Tr.r Leu Leu Ala Pro Pre Asp Ser .er G-u .ys ^.s 

2b) - - - 

GTC CAG TTG GTG GGT AAC AGC T3G ACC CCT GGC TAC CCC GAG ACC CAG 
val Gin Le. Val Gly A.n Ser Trp Tnr Pro ..y Tyr . c. .-u T... c. 
2-75 

GAG GCG CTC TGC CCG CAG GTG ACA TGG TCC TGG GAC CAG TT3 CCC AGC 
Glu A.a Leu Cys Pro Gin Val Tr.r Trp .er rp A.p . P-^ 

2 90 - 295 ^■■■-^ 

AGA GCT CTT GGC CCC GCT GCT GCG CCC ACA CTC TCG CCA GA3 TCC CCA 
Arc Ala Leu Gly Pre Ala Ala A.a Pre Thr Leu Ser P r. .^u ._r 

s s s s S s s m m m i - 

32 5 

GTG ATG GAG GCG GTC CCA GCG C3G CGC TGG AAG GAC TTC GIG CGC ACG 
hzv Ala Val Pro Ala Arc 
245 



val Met ASP Ala Val Pro Ala Ar^ A^J Trp Lys 31u P ne Val Arg Thr 
1 GGG : 



CGC "TC CGA GAC CAG CAG TAC GAG ATG CTC AAG CGC TG. CG-. uAG A. 

A^g ^he Arg Asp Gl. Gin Tyr llu Met Leu Lys Arg Trp Arg .In .-n 
37 0 27 5 -■«- 

CAG CCC GCG CGC CTC 3GA GCC GTT TAC GCG G3C CT. .AG C33 ATG GGG 

Gin Pro Ala Gly Leu Gly Ala Va- lyr A.. A. a .e . .-u ^e , 
3 9 C 5 - 

3,3,. GTG GAA GAC TTG CGC AGC CGI CTG CAG CGC 3GC CCG 

leu a;: G1; Cyl Val Glu Asp Leu Arg Ser Arg Leu 3.n Arg .-y Pro 

TGA 3ACG3CGCC3 ACTTGCCACC TAGGCGCTCT GGTGGCCC 
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TGTAGACATT TTATGTCACT TATTAAGCCG CTGGCACGGC 159 9 

3 1659 

7 1719 

C 1'779 

GATATGAAGG TTATCGATAC CGTCGAGGTG GAGGGGGGGC GCGGTACCCA ATTGGCGCTA 1639 

1847 

(21 INFORMATION FOR SEQ IC' NO : 2 : 



20 (B) TYPE: ammo aciG 

(D) TOFOLOCY; i-near 

(li) MOl-ECULE TYi-L: prc^eii. 

25 {xi> SEQGENGE DESCRIPTION: SEC 1- : 

Met Glu Glr. Arg Pro Arg Giy Cys Ala Ala Val 

30 Leu val Leu Leu Gly Ala Arc Ala G.n Gly Gly 



35 



Arg Gly Cys Pro Ala Gly H^s Tyr Leu Lys Ala Pre Cy 



cys G.y Asn Ser T.r Cys Leu Val Cys Pro G^n .sp T.r P.e Leu A.a 
40 65 ^0 

Tro Glu Asn Hrs His Asn Ser Glu Cys Ala Arc Cys G- Ar. Cys Asp 
fiS 90 



45 Glu Gin Ala Ser Gin Val A.a Leu ^-^u ^..u 
100 

Va ' Glu Cys Gin Val Ser 

.n. .rg .ys ... ... -^^ - 

50 



--n - - - - S ■■'-''^ S 

Glv 

55 



135 



Gly Ala Leu Hrs Arg Hrs Tr.r Arg Leu Leu Cys 
145 -5C 



ASP cys Gly Th. Cys Leu Pro Gly Phe Cyr Glu H.s Gly Asp Gly Cys 

165 ' 

60 val ser Cys Pre T.r Ser Tnr Leu G^y Se. Cys Pro Glu Ar. Gys Ala 

- fir rB = 
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Pro Leu Leu Leu Giy A. a Tr.r Leu Tnr Tyr Thr Tyr 
215 

Asp Glu Ala Gly 



Arc Ki-s Cys Trp Pre uy^ r - ^. - 

225 230 

Met. Giu A-a _=u -Lr .r. ^.o P . ^, .^a 

Pro Pro Asp Ser Ser Glu Lys He Cys 
265 270 



Thr Leu Leu Ala Pr 
260 



Pre Gin Val Tr.r Tro 
2 95 



305 ^i'- 

Ket Met Leu G-r. Pro Gly Pre Gli. Leu Tyr 



G-y Ser Pr 
225 



ASP val Me. Aso A.a Val Pro Ala Arg Arg Trp Lys Glu Phe Val Arg 

30 3.0 3.5 3.0 

Thr Leu Gly Leu Ar, Glu Ala 3^. l-e Glu Ara Val C^u Val Glu He 

35 Glv Arg Pne Arc Asp Gin Gin lyr Glu Meo Leu Lys Arg Trp Arg Gin 
370 375 



Gly Leu Asp Gly 



Val Glu Asp Leu Arg Ser Arg 



SPC ID KO;: 



(D) TOPOLOGY: lunear 



LEICRTPTION: SEQ ZZ tiO : 
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SEO'JHIKCE CliARACTERISTICS ; 

[hi 
(3) 



10 

(D) TOFCL-GY: linear 
(ii) MOLECULE 'TYFE.: protexn 
15 (vi) ORIG 



[vii) IMMEDIATE ^,..-£1- 
(XI) SEQUENCE CESCBIPTION: CEQ ID NO : < : 

Pr: Ala 



G-u Fro Aig 



(■,..- /.c-t T.-.r Hii Tr.r Cys Frc F;o Cys Pr: 

- ,0 1 = 



P.o Glu Al. G.u G.y Ala Pro Ser Val P.e Leu Fne Pro Pro Lys Pro 



30 



35 



40 



Uvs Aso Tor Le. Me. lie S.r Arg l.r Pro Gl„ Val Tor Cys Val VaJ 
■ 3= .-.0 

val ASP val ser Mrs Glu Asp Fro Glu V„l Lys Pr,e Aso Trp Tyr Va. 

5C -= 

ASP Gly val Glu va. .rs Aso A.a Lys TOr Lys Pr. Ar. Glu Glu Gin 

Tvr Asn Ser Tor Tyr Arg V. . Val Ser Val ..u T.r Val Leu H.s Gin 

Asp Trp Leu Asn G.y .ys Asp Tyr l.ys Cvs Lys Va. r-.r Asn Lys Ala 

Leu .ro Ala Pro Meo Gin Lys Tnr l.e Ser Lys Al. Lvs Gly Gin Pro 

, - r 1 r 0 - - - 



Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu T..r 
130 

50 Lys Asn Gin Val Ser Leu T.r Cys Leu Val Lys Gly Pne Tyr Pro Arg 

Hxs lie Ala va, Glu Trp Glu Ser Asn Gly G^n Pro G.. Asn Asn Tyr 



_, w.n c^r Asc Glv Ser The Plie Leu Tyr 

190 



l.ys Tf.r Thr Fro Pro Val Leu Asp Ser Asp Gly Ser 



: ec 
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Tr;r G.n Lys 



230 

INFORi-lATICK FOK SEQ NC:5: 

(-) SEQ'JFNCE CHARATTERISTrCS ; 

(A) LENGTH: 1251 oase pa 
(b) TYPE: r.ucleic acic 

(C) STP.ArirEi;NESS : single 

(D) TOEOLOGY : Ixnear 



(IV) AN'Tl-SEIISE .-:C 
(vi) ORIGINAL S lUKCE : 



(B) 2o:at icri . , . 123 & 



IJiCSCKXPTIOK; SEQ 



ATG GA3 GGA ^G3 GTG CTG CGG 3GG TGG GTG GTG GAG GCT CTG 
Ker GIl: A.a Ar-? Leu Leu Arg Gly GvG va. vax ^-U Er. ^eu 
S - ^' 

.TC CT. =c. =T= cr= CT3 C.C CT. G=T c.= =GC 

Phe Leu Pre LeJ Le.. L = j L.:.'^ -.=:u -,= J L^- -.cu ^- 
15 

.T. T.. ..c ==c .c. ^ 

Gin G-y Giv Ke' 2e: G-V A;.c _.,'5 -^y- ---a 

35 .J 



S gK S ::y; Cys A.. Giy Cys P.c Lys Gly H.s .y. Met 

AAG GGG CGG GGC GGA lAA GCG TGT GGG AAl TGG AGE TGG GTT CGG TGT 24 

^.s Ala Pr: Gys A.a G-_ Pre Gys Gly Asr. .er T.r Gys „eu Pre C. s 
6 ': ' - 

Z TTT AAG ACT GAG TGT 2 8 



TGG AGG GGG TGC GGA AAG GGA GAG TAG ATG 192 



COG TGG GA: AGG 



AGG AGA GAG 



Tr.r Ph-; Le.u Tr.r Arg 



Asp As:^ Hrs Pr^e Lys Thr Asp Cys 



AGG CGG TGC GAA GTG TGT GAT GAA 
Thr Arg Cys Gin Va- Cys Asp Glu 



GCG CTT GAA GTG AGG GTT ( 
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TGC TCG GCA AAG TCG GA: ACC CAC TGT 3GG TGC CAG TCA GGG TG= 
Asn Cys Ser A.a Lys Ser Asp T.x H.s Gys ..y .y. ^^-^ ... 

TGT GTT GAG TG. TGG ACG GAG GGA TGT GGG AAA AGC TGA GGT TTG TCT 
cys Val ASP cys Se. Tn. Glu ..o Cys G_y Gys .e. .r. P... .e. 

TGT GTC CCA TGC GGG GGT ACA ACA CCA CTC CAT GAG GCT CCA AG : GCG 
Cys Vai ?r= Cys Gly Ala Tnr Tnr Pro v.. n-S ^..u A.. -n. P.o 

CGG CCC TGC CTG CCT GGC TTC TAT ATA CGT GGG A..T GAC TGC ACG TCG 

Arg Fro Cys Ceu Pre Gly Pr.e Tyr lie Axg Glv Asn Asp Cys Thr Se. 
160 

j| s 1 2- ?n ?n K S= s K s 
m S S ;I: | ^ S S S 



TTC CTT TTT GGG GCT ATC CTG ATC TGT GCA TAT TGT CGA TGG CAG CCT 

Phe Leu ?he Gly Ala He Le. I-e Cys A.a lyr .ys ..g ..p G... - 

240 245 

CTG GCA CCT CCA AGC AGT ACT GGG AAA ATC TGT ACC ACT GTC CAG TTG 

Leu Ala Pre Pro Ser £er Tr.r Gly Lys 1-e Cys Tnr .r.. ... G-n .e 
255 

c=c ^= ^= -= ^ 



, Trp 
275 



Tr.r Glr, G-u V;:l 
2fc0 -65 



45 TGC GGA CAG GCC TGA CAA CCC TGG GAT CAG CTG CCA AAC AGA ACT CTT 
„. . - _ c r- - r L-',-,", -f^-r Asc '._-ri L-^v. t lO ^s.i /---y --1^ 



TGC GGA CAG C-'.-^ i ' I- , r , z.^., a-o 

Cys Glv Gin A.a Ser Gin Fro Trp Asp u.n L.. u Pro As,. A g 
2S0 



■ GCG GGC TCT 



GGA ACT CCT CTG GCA TCT CCG ITC ^CG CCA GCG CCC 

50 Gly Thr Pro Leu Ala Ser Pre Leu Ser Pre A. „ Pro Al. ... 

CCG GCT GCT GTG CTC SAG CCT GGC CCG CA3 CTC TAG GAT GTC ATG GAT 

Pro Ala Ala Val Leu Sin Ere Gly Pro G^r Leu .yr A.o ... I^e. A. p 

55 320 325 

GCG GTC CCA GCA CGA 
Ala 
335 

60 



GTC CCA GCA CGA AGG TGG AAG GAG TTC GTG CGC ACG CTG GGG CTG 
val Pro Ala Arg Arg Trp Lys Glu Pne Va. Are - r, _ ..u ^eu 
3 4 C ' - 
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CGG GhA GCG GAA ATT 
Arg G— Ala G-u He Glu Ala v, 



-."■G GAG GTG GAA ATC TGC GGC TTG CGA 1104 
1 G-u Va. g:u ::e Cys Arg Phe Arg 



5 GAC cag cag tat gag atg ctg aag cgg tgg cgt gag ga^ ^^^^ 



CGT GCA 11-2 



as; G1. Gin ayr G.. Me. Le. Ivs Arg Tr 



3 9 5 



3=. ^ 0., 

3 9C 

• GGl GAG GAG GTG GGC AGG CGG CTG GAG CGT < 



ATIGN FOK SEQ IC KG ; & : 
SEQUENCE T H AK AC T E K : S T : G S 



HOLEGUIE TYPE: prcce^r. 
SEOUENCE DESCr.IFTIC'N ; 3E1 
,a Arg L=u leu A::g Gly Cys 



V&l V6l GIl. ?r 



35 :c 

- , ^ r.=r, -vs A' a Se- G.'u 3er Glr. Lys Arg Tyr 

Glv Met Ser Giy Arc -VS Asp A^d ^ ^ _^ 

3 5 

40 Gly Pro Pne Cy. Cys Arg Gly Cys Pro rys G.y Hrs :yr Me. Cys Ala 



Pro Cys Ala Glu Pre Cys 

III 



Gly Asr. rer Tnr Cys Ce^ Pr; Cys Pro ; 



ASP TKr Phe Ceu Tnr Arg Asp Asn Hrs Pr.e Cy. T.r Asp Cys Thr Arg 
8 5 

ASP Glu Glu Ala Leu Gin Val Tnr leu Glu Asn Cys 



Ser Ala Lys Ser Asp Tnr H_s 

55 Asp Cys Ser Tnr Glu Pro Cys 

130 -32 

Pro Cys Gly Ala Tni Tnr Pre 



Gin Cer G-y Trp ! 



14 0 

Pr. I'nr Pro Arg : 
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CVS Leu Pre Giy Ph. Z'y. II. Arc .-y ^sr. .... -ys Th. =er Cys Pro 
16 5 

Tnr G-v Pne Ser S«r Val Cys .rc Ly. A-a Cy. .r.r A.a V.. Cy. Giy 
IfcC 

Tr. Lva Gin Ket P:.e Trp Val G_n Val Leu Leu GLy Val ..a Pne Leu 
195 

Ife Cys Axa Tyr Cys Arc Trp G-n Pro Cys Lys 



Fhe Giy A. a I^e Lcu .-e uy^ -.^o -. 
21C 

Ala Val val T.r Ala Asp Tnr Ara Giy Thr G.u T.r Leu Ara Ser Pro 
225 



245 



3-. Ly- 1-fe Cvs Trr Tr. r Val Gl:. Leu Val Giy 
' ' 2 £5 

c-r. rr.r C.:. ol. V.l val Cys Giy 



ru AST. /-.ru T.'ir ^eu Giy 

3 0 0 



Pro Leu Ala Ser Pro Leu 
3 C 5 21'- 



val Leu Glr. Pro Giy Pre Glr. Leu Tyr Asp Val Meo Aop . 



pro Ala Ar, Arg Trp Lys G._ ... Val Ar. T.r ... Giy Leu Ar. Glu 



Ala Glu lie Glu Ala Val Glu Var Glu He Cys Arc Phe Arg Asp ( 
355 

'. Glr. Pro Ala Giy 



Ara . 

3&C 



Glr. Tyr Glu .Mer _eu l.ys Arg 

Giy Ala He Tvr Ala A-= l.eu Glu Arc Met G^y 
365 390 

Glr. Arc G.y Pro 
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ri AIMS 

We claim: 

1 isolated DNA selected from the group consisting of: 
5 (a) a DNA encoding a protein having an amino acid sequence of ammo acids 1 

ihrou2h417ofSEQlDNO;2: 

(b. a DNA encoding a protein having an anaino acid sequence ot amino acids 1 
throusih411 of SEQ IDNO: 5; 

~ CO DNA molecules capable of hybridization to the DNA of (a) under stnngent 
10 condinons, and which encode biologically acuve AIR; and 

(c) DNA molecules encoding biologically active fragments of proteins encoded 
by the DNA of (a), (b) or (c). 

0 The DNA according to claim i, selected from the group consisting of 
15 oltgonu-ieofdes of at least about 17 nucleotides m length, oligonucieotiaes of at least about 
25 nucleotides m length, and oligonucleotides of at least about 30 nucleotides in length, 
having a nucleoude sequence derived from the DNA of SEQ ID NO:l that encodes the 
cytoplasmic domain of AIR. 

00 3 An isolated DNA according to claim 1 , selected from the group con.sisnng of: 

(a) a DNA en. oding a protein having an amino acid sequence of ammo acids 1 
throush417ofSEQlDNO:2; 

^ , b) a DNA encoding a protein having an amino acid sequence of ammo acids 1 
throu2n411 ofSEQlDNO:5; 
25 ,c) DNA molecules encoding biologically active AIR polypepndes that are at 

least about 70% identical in ammo acid sequence to the protein of (a); and 

(d) DNA molecules encoding fragments of proteins encoded by the DNA of (a), 
(b) or (c), and which encode biologically active AIR. 

30 4 An isolated DNA encoding an AIR polypeptide comprising an amino acid 

sequence as set forth in SEQ ID N0:2. having an amino te.minus .selected from the group 
consisnne of an an.no ac.d between amino acid 1 and amino acid 29. inclusive, of SEQ ID 
NO:2. and a carboxy tenrunus selected from the group consisting of an amino acid between 
amino acid 190 and amino acid 200. inclusive. 

. An isolated DNA encodimi an AIR polypeptide compns.ng an amino acid 
sequenc^e as set forth in SEQ ID N0:2, having an ammo ten^nus selected from the group 
consisting of an ammo acd between amino acid 225 anO amino acid 335. inclusive, of SEQ 
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ID NO:2, and a carboxs tcmiirms selected from me group consisting of an amino acid 
between ammo acid 410 and amino acid 41^', inclusive. 

6. A recombinant expression vector compasin. a DNA sequence according to clatm 1. 

7. A recombinant expression vector compnsin. a DNA sequence according to claim 3. 

8. A recombinant expression vector compnsing a DNA sequence according to claim 4. 

9. A recombinant expression vector comprising a DNA sequence according to claim 5. 

10. A host cell transfomied or transfected with an expression vector according to 
claim 6. 

1 1. A host ceil transformed or transfected with an expression vector accordmg to 



claim " 



12. A ho.t cell transfomied or transfectec u.ih an expression vector according to 



claim 9. 

13. A process for preparing an AIR proiem. compnsing cultunng a host cell 
according to claim 10 uncier conditions promoting expression and recovenng the AIR. 

14. A process for preparing an AIR protein, compnsing cultunng a host cell 
25 according to ciaim 1 1 unaer conditions promoting expression and recovenng the AIR. 

15. A process for prepanng an AIR protein, comprising cultunng a nost ceU 
according to claim 12 unaer conditions promoting expression and recovenng the AIR. 

30 16 An isolated AIR polypeptide selected from the group consisting of: 

(a) a polypepwde having an ammo acid sequence ol amino acids 1 through 417 
of SEQ ID NO: 2: 

(b) a polypeptide having an ammo acid sequence of ammo acids 1 through 411 
of SEQ ID NO: 6; 

35 (c) an AIR polypeptide encoded by a DNA capable of hybndizat.on to a DNA 

encoding the protein of la) under stnngent conditions, and which is biologically acnve; and 
(d) biologically active fragments of the polypeptides of (a), or (bj. 
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n. An .sohued AIR polypepude .ccord.ne u- cuun. 1 (. scieacd from the group 

consisiing of: . , , , u .i n 

a polypepude iu.vmg ammo ac.d sequence o: am,no aods 1 through 417 

ofSEQIDNO:2; 

(bj a polypepude havm. an ammo acid sequence of amtr.o acids 1 through 411 
ofSEQIDNO:6: 

(c) an AIR polypeptide tl.at ts at leas, about 70% identical m an^no acid 
sequence to the polypeptide of (aj. and which is biologically active: and 

(d) biologically active fragments of the polypeptides of (a), or (b). 

18 An isolated and purified soluble AIR polypeptide selected from the group 
consisting of a ooiypepiide comprising an ammo acid sequence as set forth in SEQ ID 
KO-^ having an ammo terminus selected from the group consisting of tin ai^no ac.d 
bet^en ammo acid 225 and ammo ac.d 335. inclusive, of SEQ ID NO:2, and a carboxy 
15 terminus selected from the group consisting an ammo acid between an.no acid 410 and 
amino acid 417, inclusive, and biologically acuve fragments of the polypepude. 

19. A composition comprising an AIR polypeptide accoraing to claim 18, and a 
suitable diluent or carrier. 

20 

20. An antibody immunoreacti ve with AIR. 

21. The antibody ol' claim 20 wnich is a monoclonal antibody. 
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